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Enceladus explored 
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Why is Mars red? 
How the red planet got its 
iconic colour 
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Bound to the immense mass of the Sun by 
gravity, the contents of our solar system 
are numerous and spectacular 


Thesolar system formed about 4.6 billion 
years ago, when part ofa giant molecular 
cloud hada gravitational collapse. The 

” centre became the Sun, which comprises 





more than 99 per cent of the solar system’s total mass. 


The rest becamea dense, flat rotating disk of gas from 
which planets formed, called a protoplanetary disk. 
In our solar system, most of that disk became the 
eight planets, each of which orbits the Sun. 

There are two different categories of planets: gas 
giants and terrestrials. The gas giants are the four 
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outer planets: Jupiter, Saturn, Uranus and Neptune. 
They are much bigger than the terrestrial planets and 
are mostly made of helium and hydrogen, although 
Uranus and Neptune also contain ice. All of the outer 
planets have ring systems made of cosmic dust. These 
planets comprise more than 90 per cent of the rest of 
the solar system’s mass. 

The four inner planets are very close to the Sun. To 
grant perspective, for example, the distance between 
Jupiter and Saturn is larger than the radius ofall the 
inner planets put together. These terrestrials are 











made up from rocks and metals, have no ring systems 
and havea low number of satellites (moons). They 
include Mercury, Venus, Earth and Mars. Except for 
Mercury, the inner planets also have recognisable 
weather systems operating in their atmospheres. 

In addition to the eight main planets, there are also 
dwarf planets such as Pluto. The five dwarf planets 
are Ceres, Pluto, Haumea, Makemake and Eris. In 
addition, the solar system is home to numerous small 
solar system bodies, which include all minor planets, 
asteroids and comets. 


Can’tafford that ticket on the next spaceship out of 


town? Well, fear not, for ifyou are the patient type and 
hold an interplanetary driving licence then you can 
drive to that Earth colony orbiting Saturn in next to no 
time... well, relatively speaking. In our souped-up Mini 
Metro, travelling at an average speed of 120mph, any 
traveller can reach Saturn in only 842 years. Better 
stock up on travel sweets then... 


Earth to Saturn 


ina Mini Metro! 


How long would it take to reach the 
planets in a moderately priced car? 
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' 1. Uranus 2. Saturn a 3. Jupiter 
Diameter at equator: 25,559km. N Diameter at equator: . Diameter at equator: 


Average distance from Sun: 60,260km 142,985km 

2.88 billion km (19 AU) Average distance from Sun: Average distance from Sun: 
Orbital period: 84.02 years 1.4 billion km (9.4 AU) 778 million km (6.2 AU) 

Mass (Earth=1): 14.37 Orbital period: 29.5 years : Orbital period: 11.86 years 

Earth masses Mass (Earth=1): 95 Earth masses " Mass (Earth=1): 318 Earth masses 





Measuring our 
solar system 


Understanding the size of 
planets and where they are 


Before the development of radar, astronomers 
measured the distance between planets 
through trigonometry, a process where distance 
to an object is derived from the measurements of 


ie lalate, lt lc) 
the asteroid 
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Below shows the placement ofinner Solar system objects on 20 July 
There area few asteroid 2002. Light blue lines are planet orbits. Green dots showasteroids. 
our solar system, but none Ca’ Red dotsare asteroids that come within 1.3AU of the Sun. Comets . 
Rovmerrchhe centile ert eco Moceatcencctatareree @glesand distances taken between two known 
F Nl. positions. Today, radar is the predominant 
ring between the orbits of Mars and : : 
, method of measuring distance and allows for 
Jupiter. Here the dwarf planet Ceres, the ; 
a 5 more accurate measurements to be attained. 
large asteroids 2 Pallas, 10 Hygiea and 4 ; a 
ae A This process works by astronomers timing how 
Vesta, and millions of small asteroids and : ae : 
; : long it takes the radar beam, which is travelling 
dust particles orbit the Sun. Most of the larger : ; 
; Rane f ‘ at the speed of light, to travel the distance to an 
asteroids have elliptical orbits and an orbital ; fon 
F object and back. By multiplying the speed of 
period ofa few years. Some astronomers - a aot ; 
; ; ; light by time taken, then dividing that in two, 
believe that the main belt’s contents are left Res ; : ; 
a scientists can derive the distance to the object. 
over froma planetary collision or froma : . 
: Once distance has been derived, the mass of 
planet that never formed due to the strong ; ; Fei 
ee. al the object can be ascertained by monitoring the 
gravitational pull of Jupiter. 


orbital periods of circling satellites. To do this 
r astronomers measure the angular separation 


between the satellite and the object and then 
use trigonometry to convert that angular 
separation into distance. Astronomers can then 
use Kepler's third law to determine total mass. 

When the International Astronomical Union (IAU) defined 

planets in 2006, part of that definition included the 

requirement that a planet has enough mass that its self- 

gravity causes it to reach hydrostatic equilibrium. The 

planetis able to resist compressive forces in space to hold 

together and stay rounded in shape. 

Planets also “clear the neighbourhood” around their 
orbits. This means that there are no other bodies of the 
same size in its orbit. The Sun has a strong enough pull to 
keep the planets and other bodies orbiting around it. 














1AU (astronomical unit) = 92,960,000 
miles, the mean distance between the 
Sunand the Earth — 


Aigo) MAN; 
SATE 
AU 


Va Hel ag 
TV i 
TNO 
ate) 







Amap ofEarth’s 
PycaWaltla (eed 
lacoetiael 

oN, 





Pluto the dwarf } aE te 


Since its discovery in 1930, Pluto had been considered the ninth planet ea a se’ as 
in our solar system. However, more recent discoveries of dwarf planets Se ee 
larger in size and mass than Pluto have made some astronomers 

question its status. In 2006, the International Astronomical Union 
(IAU) decided upon a conclusive definition of what 
constituted a planet. Pluto’s low mass - not evena fifth the 
mass of the moon - excluded it from that definition. Now 
Pluto is considered a dwarf planet, 


. Jupiter - 459 years 
Mars a little too dusty? Then why not visit Jupiter, only 
459 years of 120mph driving away. 
AIX mm 
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“ i Neptune - 2,497 years 

ome d , 
Aa) Mars - 134 years A One for colder climates? Then Neptune should be top of your list 
> At 120mph you could drive to the planet named Z At 2,497 years distance, though, it is a long drive, so make sure you 
after the Roman god of war in only 134 years. take regular breaks and keep at 120mph! 


013 


“Saturn is so light that if it could be 
hypothetically placed in a galactic- 


\Yf sized ocean of water it would float” 






5. Jupiter 
The largest and most massive 
of all planets in the solar 
system, Jupiter has almost 2.5 
PR Toe mei 
eight planets combined and 
over 1,300 Earths could fit 
acts (Mie Vl icctm elon ny ae 
first of the gas giants and is 
largely not.solid in 
composition, consisting of an 


8. Neptune 
Reale Rm Rie ig | 
time in 1989, discovering an 


encircling set of rings and six of its 
13 moons. Neptune's structure is 
TeV oR Ure ele CRRUY Lt) 
no solid surface and central layers 
of water, methane and ammonia 
ices as well as a possible rock/ice- 
based core. 










Th I Pia eg outer layer of gaseous 
Pe hydrogen and helium, an 

S relates - a juter layer of liquid hydrogen 
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of metallic hydrogen. 
However, deep in its body 
(roughly 37,000 miles in) 
there is a solid core made up 
of rock, metal and hydrogen 
compounds, 


. WU lath 
The first planet to be discovered by telescope, 
Uranus appears to the eye as a pale blue, 
characterless disk, encircled by a thin system of 11 
rings and 27 tiny moons. Its blue colour is a result of 
the absorption of the sunlight’s red wavelengths by 
methane-ice clouds within the planet’s cold sai 
atmosphere - a process which also renders its ' oe Saturn 
atmosphere calm and inert thanks to the creation of A massive ball of gas and liquid, Saturn is the least dense of all the 
ieyceM y= leo to SLAM \ oem Olney planets in the solar system. Circled by a spectacular system of 
atmosphere is active and consistently changing with rings, which are composed of stellar dust, boulders and gases, 
huge winds driving systems of ammonia and water Saturn has a hazy appearance and due to its rapid spin is a 
Coole et gral massive ten per cent larger at its equator than at its pole. 


Interestingly, Saturn is so light - thanks to its 
The Statistics 


















P44 Type: Gas giant 
a Rotation (Equatorial): 
60,179 days 
Rotation (Polar): 16.11 hours 
Volume: (Earth =1) 57.74 
Average distance from Sun: 
2.8 billion miles 


composition from the lightest elements - that if it 
could be hypothetically placed in a galactic-sized 





Number of moons: 13 
Speed: 5.43km/s 
Surface temp: -220°C 





Oe =e) eRe] | 
fragile, irregularly 
shaped bodies 
composed of a 
ee eRe) Mae 
volatile grains and 
frozen gases 


9. Pluto 


Cie RUE Cia) emi kell eel 
Pluto is actually not one but instead a dwarf planet. 
Dwarf planets are bodies that orbit the Sun and have 
Tatoo Maite oe-lne Re eV IAA On ol -Boacia(er-| Mell melt ce area 
have not cleared the region around its orbit. Pluto is such 
a dwarf planet and is one of the furthest circling bodies 
of our solar system. Pluto’s atmosphere is 99.97 per cent 
nitrogen and it is astronomically cold, with an average 
temperature of -230 degrees Celsius. 


The Statistics re 
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Rotation (Polar): N/A 
Volume: (Earth =1) 0.0059 Sd Zs 
Average distance from Sun: b 
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ocean of water it would float. As with Jupiter, 


Comets 4 


U A asteroid belt, the Main belt 


ere Saturn is a gas giant with a tiny solid core 


i composed of rock and ice. 





Type: Gas giant 

Rotation (Equatorial): 

ple fole Ne CaN 

Rotation (Polar): 17.24 hours 
Volume: (Earth =1) 63.1 
Average distance from Sun: 
1.78 billion miles 

Number of moons: 27 
Speed: 6.81km/s 

Surface temp: -214°C 


Type: Gas giant 

Rotation (Equatorial): 

Boy ieket May 

Rotation (Polar): 10.66 hours 
Volume: (Earth =1) 763.59 
Average distance from Sun: 
888 million miles 

Number of moons: 34 
Speed: 9.69km/s 
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—_ — Main belt 
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is an encircling ring of 

meteors, asteroids, dwarf 

5 planets and dust particles 
Pee AN eR aT} 
terrestrial planets and the 
gas giants. 
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The Statistics 


The Sun 

























MAY ecbg 
Rotation (Equatorial): 25 days 
Rotation (Polar): 34 days 
Mass: (Earth=1) 333,000 
Surface temperature: 5,500°C 
Ove) eeM ccial elses] les 

SG Bondi bCoemaey 

Diameter (Equatorial): 
864,900 miles 












Lightweight 

Hypothetically speaking, 
Saturn is so light that if it were 
placed in a galactic sized 
swimming pool it would float. 
Hard experiment to carry 


out though! 


Binary 


Due to the size and short 
orbital distance between Pluto 
and its largest moon Charon, it 
is often treated as a binary 
system as its centre of mass 
lies with neither. 


Dust bowl 


Mars, often referred to as 
the ‘red planet’, is actually 
red thanks to its coating of 
iron dust, which prevails in 
its carbon dioxide-rich 
atmosphere. 


Big boy 


Jupiter is so large that over 
1,300 Earths could fit inside it 
and it has a mass which is 2.5 
times larger than the total of 
all other eight planets 
combined. 


Tantastic 


During the day on Mercury, 
the closest planet to our 
Sun in the solar system, the 
temperature reaches up toa 
positively scorching 430 
degrees Celsius. 






3. Earth 


Mee ela Rn Ue 
composition to its 
neighbouring planets - 
composed of three distinct 
layers made up mainly of iron, 
magnesium and silicates 
respectively - Earth differs on 
ea rele Rte eel) 
abundance of liquid water and 
an oxygen-rich atmosphere. 
Due to Earth’s rotation the 
planet bulges at its equator by 
13 miles when compared to 
both its poles and its spin axis 
is tilted at an angle of 23.5 
degrees, one of the factor: 
that gives rise to its seasons. 



















Map of the 
solar'system 


Discover the star, planets 
and space phenomena that 
make up our solarsystem 
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us clouds - has an average 
temperature of 464 degrees 
elsius. The surface is dry, lifeless, 
scorching hot and littered with 
Melero elie Reel olga 
Named after the Roman goddess 
of love and beauty due to its 
beautiful, sun-reflecting, cloud- 
based atmosphere, in reality 
Venus holds one of the most 
CRU eR 
planet. Interestingly, Venus spins 
in the opposite direction from 


® most other planets. 
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sa (eleet lag 
lron-rich Mercuryis the second smallest planet in the solar 
system and'the closest to the Sun. There is almost no 
protective atmosphere surrounding Mercury and, bec; 
PER CH ee RR Ue Caer Ke 
427 degrees Celsius during the day to -187 degrees Celsius 
during the night. Worryingly, if an observer were able to 
stand on the planet they wouldexperience a period of 176 
Earth days between onestinrise and the next. Better stock 
up on suntan | and woolly socks then... 
























Known as the red planet thanks to its rust-red colouring, and 
named after the Roman god of war, Mars is home to the highest 
volcanoes (albeit dry and inactive) of any planet in the solar 
system. Current research and evidence suggests that while Mars is 
ETM iia @ Flim) nM oy RU eV one \M ta) 
volcanic activity and water existing over large parts of it. Mars is 
the outermost of the four terrestrial ‘rocky’ planets and its internal 
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4. Mars 
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froma massive gravitational collapse when space 
dust and gas from a nebula collided, It became an 
orb 100 times bigger and weighing over 300,000 
times that of Earth. Made up of 70 per cent hydrogen and about 
28 per cent helium (plus other gases), the Sun is the centre of our 
solar system and the largest celestial body anywhere near us. 

“The surface of the Sun is a dense layer of plasma ata 
temperature of 5,800 degrees kelvin that is continually 
moving due to the action of convective motions driven by 
heating from below,” says David Alexander, a professor of 
physics and astronomy at Rice University. “These convective 
motions show up asa distribution of what are called 
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Radiative zone 
The first 500,000k of the Sun is a radioactive layer 
that transfers energy from the core, mostly toward 
the outer layers, passed from atom to atom. 


Sun’s core 

The core of a Sun is 
a dense, extremely 
hot region - about 
15 million degrees 
- that produces a 
nuclear fusion and 
emits heat through 
the layers of the 
Sun to the surface. 
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Right conditions 


The core of the Sun, which acts like a 


nuclear reactor, is just the right size 
and temperature to product light. 
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The giant star that keeps us all alive... * 


™® Acelestial wonder, the Sunisa hugestar formed 


. 


granulation cells about 1,000 kilometers across and Prati 

to te the whole solar VS Ete sae : 
Atits core, the Sun’s temperature and pressureareso high # "yy 

and the hydrogen atoms are moving so fast that it causes’ S00, 

turning hydrogen atoms into helium. Electromageticraditation 

travels out from the Sun’s core to its surface, escaping into space 

as electromagnetic radiation, a blinding light, andincredible ~ 

levels of solar heat. In fact, the core of the Sunis ETeaUrcl Mm elelancyg 

than the surface, but when heat escapes from the surface, the 

temperature rises to over 1-2 million degrees. Alexander 

explained that astronomers do not fully understand why the 

Sun’‘s atmosphere is so hot, but think it has something to do __ a 


ee 
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What is the Sun 
made of? 





Convective zone 
The top 30 per cent of 
the Sun is a layer of hot 
plasma that is 
constantly in motion, 
heated from below. 






Engine room 
The centre of a star is like an engine 

room that produces the nuclear fusion 
required for radiation and light. 














Magnetic influ 
le) Va tales se an 
Earth's magnetic field 


Solar wind 

Solar wind shapes the 
Earth’s magnetosphere and 
magnetic storms are 
illustrated here as 
approaching Earth. 


Plasma release Bow shock line 

The Sun’s magnetic field and plasma The purple line is the bow shock line and 
releases directly affect Earth and the the blue lines surrounding the Earth represent 
rest of the solar system. . its protective magnetosphere. 
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nique pease) where the moon passes 
Amassive explosion, but one that 
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Ree aline between the Earthand the Sun, partially or bs 
Ba eoynnne (eich blocking our view of the Sun. The Sunis blocked pear? fy 
happ ens to be several million Elaconc ltt to the relative orbits of each celestial body. There / sore 












degrees in temperature... are two kinds of eclipses: one where the moon orbit shows the 1) PAK h ce x4 








outer edge of the Sun, or where the moon lines up perfectly eel ie 


and the Sunis blocked completely from view. 
Rett Pt Ce ey 
‘ce 
electromagnetic disturbances here on Earth pose 


| to bie 
potential dangers for Earth-orbiting satellites, space- . 
a materd cee high-altitude spacecraft, . lt gee 
ef] e/a Rae ce 
diometer of 
1.4-million.km 
fulgtoetsieeg he 
diameter-o 


Sometimes, the orbits of the Earth and Sunline up elf, 


perfectly so that the Sunis blocked (eclipsed) by the io 000 ia 
moon, shown here witha shadow cast from the 
eclipse, taken from the ISS 


“Asolar flare is a rapid release of energy in the solar 
atmosphere (mostly the chromosphere and corona) 
resulting in localised heating of plasma to tens of millions 
of degrees, acceleration of electrons and protons to high 
energies, some to near the speed of light, and expulsion of 
material into space,” says Alexander. “These 









Solar flares can cause geomagnetic storms onthe 
Sun, including shock waves and plasma expulsions 






What Is a sunspot? 


Signifying cooler areas, sunspots show up as dark dots on the 
photosphere (the visible layer of plasma across the Sun‘s 
surface). These ‘cool’ regions - about 1,000 degrees cooler than 
the surface temperature - are associated with strong magnetic 
fields. Criss-crossing magnetic-field lines can disturb the flow 
of heat from the core, creating pockets of intense activity. The 
build up of heat around a sunspot can be released asa solar 
flare or coronal mass ejection, which is separate to but often ATES EEN 
accompanies larger flares. Plasma froma CME ejects from the basketball, Earth would bea little 
Sun at over1 million miles per hour. dotno more than2.2mm 
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We tend to take the Sun for granted, but it’s much 
more than just our source of light and energy. Once 
we figured out that the Earth was revolving around 
= theSuninstead of the other way around, we've been 
striving to learn more about this amazing star. 

After hundreds of years of observation via the naked eye and 
telescope, we were finally able to get a closer look when NASA 
launched the Pioneer space program in the late-Fifties. Pioneer 
probes 6 through 9 were all designed to orbit the Sun and take 
measurements about cosmic rays, the magnetic field, the bursts 
of charged particles known as solar wind, and solar storms. 
These first probes showed how these phenomena affected 
Earth’s communications and power. 

The Helios probes were the next to visit the Sun. Helios I was 
launched in 1974.and Helios II just over a year later. Unlike the 
Pioneer program, which was designed overall to explore 
various regions of the solar system, the Helios program focused 
solely on the Sun. In this co-operative mission between NASA 


and the Federal Republic of Germany, both Helios probes 
expanded on the data provided by the Pioneer probes, and also 
performed experiments on magnetic fields and electrical fields. 

NASA had initially planned an Apollo mission to observe the 
Sun, which would use elements from the Apollo Lunar 
program. The Apollo Telescope Mount (ATM) wasa solar 
observatory that attached to NASA's first space station, Skylab, 
when it launched in 1973. The ATM had windmill-like solar 
panels, which provided power for Skylab as well as its eight 
telescopes. During Skylab’s tenure in the sky, UV and x-ray 
telescopes provided the first hi-res photographs of the Sun. 

The success of Skylab and the ATM spurred NASA to launch 
another mission in 1980. The Solar Maximum Mission, or 
SolarMax, specifically studied solar flares using seven different 
instruments. These instruments measured ultraviolet, gamma 
and x-ray radiation emitted by the flares. They also measured 
the electromagnetic radiation emitted by the Sun overall, 
knownas the solar constant. SolarMax revealed that during the 
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DID\YOU/ KNOW 


SDO = living with a star 


The SDO (Solar Dynamics Observatory) is part of NASA’‘s Living With a Star program, 
which studies the relationship between the Sun and the Earth. Its mission is to n a 


provide information on the solar atmosphere. It comprises three instruments. The 7) VI 2 ii Y a i 
DISCOVERIES 


Helioseismic and Magnetic Imager (HMI) studies changes in magnetic solar activity 
and measures the magnetic field. The Extreme Ultraviolet Variability Experiment 

What have we found out 
about the Sun? 


(EVE) measures the Sun’s extreme ultraviolet radiation, which heats the Earth’s 
atmosphere. The Atmospheric Imaging Assembly (AIA) provides the most highly 
detailed, highest-resolution images of the Sun of any other satellite. 


High gain antenna 


The SDO’s high gain antenna 
rotates one time per the spacecraft’s 
orbit so itis always facing the Earth. 
The antenna beams150 million bits 


of data per second. 


Propulsion module 





greatest concentration of sunspots, the rest of the Sun 
actually gets brighter. 

Meanwhile, the ESA partnered with NASA to create a 
reusable research laboratory for use in space. Spacelab 
was used in more than two dozen missions. Spacelab 2, 
launched in July 1985, measured the magnetic fields in the 
photosphere (the visible surface of the Sun). Most 
importantly, Spacelab 2 took detailed images of the 
granulation on the Sun’s surface. These small cells on the 
surface form when the hot liquid inside rises, spreads, 
cools, and then sinks back into the Sun. 

In 1990, NASA launched another probe, Ulysses, which 
focused on measuring the speed of solar wind and size of 
magnetic waves around the Sun’s polar regions. The 
Japanese Space Agency also got into Sun exploration in 
1991 when it launched the Yohkoh satellite. Using a 
different type of x-ray telescope, Yohkoh sent back 
information about different types of solar flares and 


The SDO manoeuvres using a bi-propellant 
system using monomethyl hydrazine (MMH) 
fuel and nitrogen tetroxide (NTO) oxidiser. 


AIA 

The Atmospheric Imaging Assembly (AIA) takes 
images of the Sun in ten different electromagnetic 
wavelengths. These images will help scientists 
make connections between the changes on the 
Sun’s surface with changes in its interior. 





Solar arrays 

These two solar panels produce 1450 watts of 
power for the spacecraft. Their shape 
prevents them from blocking the antenna. 


dynamic coronal activity. Hinode, the follow-up to Yokoh, 
launched in 2006 and is observing magnetic fields. 

There are numerous on-going observations of the Sun 
via spacecraft, satellites and telescopes. In 1995, NASAand 
the ESA launched another spacecraft, the Solarand 
Heliospheric Observatory (SOHO). While SOHO was 
designed to further explore the outer layer of the Sun and 
solar wind, it also probes the Sun’s inner structure. From 
1998 to 2010, NASA’s TRACE (Transition Region and 
Coronal Explorer) satellite provided detailed solar images. 

In 2006, NASA launched STEREO (Solar Terrestrial 
Relations Observatory). Two probes will study how 
energy and matter flow between the Sunand the Earth 
and give 3D images of coronal mass ejections. In 2010, 
NASA launched the Solar Dynamics Observatory (SDO). 
This craft is studying how the Sun impacts the Earth, 
through an observation of the solar atmosphere, and how 
the Sun’s energy is created, stored, and released. 


Solar 
quakes 


SOHO revealed that solar 
flares create seismic 
waves, similar to quakes 
on Earth. One was 
estimated to be 
equivalent toan113 
earthquake. 


Sunspots 


The observation of sunspots reveals changesin 
the Sun’s life cycle and showsitis brightening 
overall by about 0.1 per cent each year. 


Space weather 


Surface activity creates space weather suchas 
solar wind, which result in bursts of radiation 
that can affect communications on Earth. 


Solar 
cycle 


Continuous 
observation has 
revealeda nearly 
Suby(ceba aol (omen cee] 
has predictable 
Vetclaloerteye 
radiation, weather, 

and seismic }y 
activity. 


Coronal mass 
ejections 


Skylab revealed coronal mass ejections - 
massive bursts of plasma and solar wind that 
rise in loops above the surface of the Sun. 
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SOHO- &{°): 


observing 


the Sun 


SOHO, NASA's two-ton spacecraft 
launched in December 1995, carries 12 
different instruments that work 
separately or together to observe the Sun. 
These instruments measure and explore 
the Sun’s three-layered atmosphere 
(corona, transition region, and 
chromosphere) as well as weather 
activity such as solar wind. 
Helioseismology, a study of the Sun’s 
interior activity, isalso observed. 


Payload module 


SOHO's payload module houses all12 


Service module 
The lower part of 


ofits different scientific instruments. 


High gain 
antenna 
SOHO's high gain 
antenna suffered 
an equipment 
failure in 2003, 
which causes a 
reduction in the 
flow of data every 
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This image was taken at171 
Angstrom (one Angstromis 0.1 
nanometre). At this wavelength, 
the brightest areas are1million 
degrees Kelvin. 
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SOHO comprises all of few months. 

the equipment 

necessary for power, Solar panels 

telecommunications, When deployed, its ~ 
orientation, and solar panels make ; 
thermal control. SOHO SOHO 9.5 metres 

sendsastream of data long. They provide 

at 200 kilobits per 1,500 watts of power 

second to the NASA and are supported 

Deep Space Network. by 20 batteries. 








The Sun’s so 

SOHO contains the Michelson Doppler Imager (MDI), which records waves that 
travel across the Sun’s surface by observing their Doppler effect - where each wave 
changes in frequency. It then translates them into sounds and images. Scientists 


hope to learn about the Sun’s core, its active outer shell, and its life cycle. 





Coronal holes 


Skylab also showed areas of lower-density 
plasma, which are darker and colder than the 
surrounding area, called coronal holes. 
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Cooler 

Here the brightest 
areas are at about 
80,000 degrees Kelvin 
and304Angstrom. 






The Sun is 
multilayered 


The Sun comprises six different layers: the core, 
the radiative layer, the convective layer, the 
M by photosphere, the chromosphere, and the corona. 
Sunspots 
eoyelernuieverbbitetacts ney 
sunspots, dark areas where 
the magnetic fields are 
disrupted and cut off heat, 
Hfedelecvelerssele-qia i eiietatsy 
from the Sun’s interior. 





Solar 
tornadoes 


Data from SOHO and SDO has revealed massive 
gaseous tornadoesat the Sun’s poles, with 
speeds up to 50,000kph. 


Ahatceee ks 
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Ground observation and SOHO data shows that 
the Sun hasa pulse; internal gases speed and 
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degrees Kelvin. 


comets 


SOHO has discovered nearly 2,000 small comets 
called sungrazers, some of which pass within 
justa few thousand kilometres of the Sun. 


wAllimages © NASA 





“True solar time is based on the 
apparent motion of the Sun as 


we observe it” 


night and day’ 


This seemingly simple phenomenon that we call 
night and day is anything but simple 


What we term ‘night and day’ isa phenomenon 
known as rotation. The Earth rotates around its 
axis, an imaginary line that extends from its 
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This axis of our planet is tipped at an angle of about 23.5 
degrees from the vertical. 

As the Earth rotates, the part ofit illuminated by the Sun 
experiences daytime, while the dark part experiences 
night. When the Sun appears above the horizon in the east 
and sinks belowit in west, we call this sunrise and sunset. 
But this is an illusion created by the Earth’s counter- 
clockwise rotation - because of course the Sun isn’t actually 
rising or sinking at all. 

True solar time is based on the apparent motion of the 
Sunas we observe it, as with a sundial. This measurement 
varies from day to day because of the Earth’s elliptical orbit 
-it rotates faster when closer to the Sun and slower when 


Day and night 
explained 


This image shows the 
Earth’s axis is tilted towards 
the Sun during the summer, 
or northern solstice. This 
occurs around 21 June and 
changes the lengths of 
nights and days depending 
on where you live. The five 
major circles of latitude 
mark the shifts in length. 


5. Antarctic Circle 

The Antarctic Circle marks a region 
that experiences a 24-hour period, 
or “day”, of darkness due to the 
summer solstice. s 
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North Pole to its South Pole, once every 24 hours. 


Rotation axis 
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further away from it. The tilt of Earth’s axis also means that 
true solar days are shorter at some times of the yearand 
longer at others. Amean solar day is an average so that all of 
our days are of equal length. This is the time we use to set 
our clocks. Sidereal time takes into account how long it 
takes the Earth to rotate with respect to the apparent 
movement of the stars instead of the Sun. Asidereal day is 
about four minutes shorter thana mean solar day. 
Astronomers use sidereal time to determine the placement 
of the stars in the sky at any given time. 

Although a rotation of the Earth takes 24 hours, that 
doesn’t mean that daytime and nighttime are each 12 hours 
long. On average, nights are shorter than days. This is due to 
the Sun’s apparent size in our sky as well as the way that our 
atmosphere refracts sunlight. The lengths of our days and 
nights depend on our location on the Earth’s surface as well 
as the time of year. 
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1. Arctic Circle 

Above the Arctic Circle, the region around the 
North Pole experiences a 24-hour day of 
sunlight during the summer solstice. 


2. Tropic of 


Cancer 

During summer solstice, 

the area around the tropic 

of Cancer experiences 

much longer days than 

nights due to the extreme 

I tilt of the Earth's axis 
towards the Sun. 


3. Equator 

The region around the equator is the only 
place on Earth where days and nights are 
generally the same length of time 
regardless of the time of year. 


4. Tropic of Capricorn 
Below the tropic of Capricorn, the region has 
much shorter days than nights. 


Days and nights 
around the world 


Depending on the time of year and 
where you live, the length of days and 
nights can vary. These shifts occur 
during specificmoments of the year 
known as equinoxes and solstices. The 
equinoxes occur around 20 March and 
again around 22 September. Thisis 
when the Earth’s axis is tilted neither 
towards nor away from the Sun. 
Solstices occur around 21 June and 21 
December, when the Earth’s axis is 
most inclined either toward (in June) or 
away (in December) from the Sun. 
Locations around the equator 
experience the most even night and 
day lengths, with increases in 
variation spreading outwards to the 
tropic of Cancer at the northernmost 
point and the tropic of Capricorn at the 
southernmost point. The differences 
are the most extreme at the poles. Once 
a year, the North Pole is tilted towards 
the Sunand experiences a day of 24 
hours ofsunlight. During this time, the 
South Pole has 24 hours of darkness. 
The reverse happens six months later. 









The North Pole experiences days of complete 
darkness, and days of complete daylight 
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Our amazing Sun 
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™@ These amazing images of the Sun are the first taken by NASA‘s Solar Dynamics 
Observatory (SDO). Taken on 30 March 2010, this false colourimage traces the . 
different gas temperatures with reds relatively cool (about 60,000 Kelvin or 
107,540 F), while blues and greens are hotter (1 million Kelvin or1,799,540 F). The 
SDO provides imageswith clarity ten times better than high-definition TV. 
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On Christmas Eve 1968, the crew of Apollo 8 captured . 
this unique view of Earth. Knownas ‘Earthrise’, this a 
photo of Earth rising over the lunar horizon was 

humankind’s first glimpse of the Earth from deep space 
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First Largest Worldwide terrain map Accuracy Polar 
Explorer VII was the first The ESA's environmental 1.3 million images from the The Landsat satellites Most Earth observation 
Earth observation satellite. satellite Envisat is the Terra satellite's telescopes, discovered that maps of small satellites travel in polar orbits 
It was launched on 13 world’s largest operational covering 99% of the Earth’s islands in the Pacific Ocean that go over the North and 
October 1959 and measured non-military Earth observation surface, have created the were indicated as much as South Poles, and are able to 
thermal energy reflected by satellite. It is the size of a most complete terrain map of 16km (10 miles) from their view the whole of the globe as 
the Earth. double-decker bus. our planet. true position. it turns beneath it. 













Aurora australis 
taken from the ISS 


ESA’s Envisat 


The European Space Agency’s environmental satellite (Envisat) 
was launched into a polar orbit on 1 March 2002. Its instruments 
are used to study the ocean, agriculture, ice formations and 

atmospheric conditions of Earth. 
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CoE TeV alent @Alsy.te) 
working on the 13.575GHz 
(Ku-band) and3.2GHz 
(S-band) frequencies, 
bounces the two-way 
radar echo off the Earth’s 
surfaceinlessthana 
nanosecond. The power 
and shape of these pulses 
enables it to defineland 
and ocean topography 
and monitor snow and 
ice fields. 


ASAR 

AnAdvanced Synthetic 
Aperture Radar (ASAR) 
monitors ocean wave and 
land heights within fractions 
ofa millimetre. Itworksin the 
microwave C-band (5.3GHz) 
range of the electromagnetic 
spectrum and can operate in 
avariety of different modes, 
coverage ranges and angles. 


DORIS 

The Doppler Orbitography 
and Radiopositioning 
Integrated by Satellite 
(DORIS) instrumentis 
concerned with the accurate 
tracking of Envisat, which it 
achieves by measuring 
microwave radio signals 
transmitted by 50 ground 
beacons that cover75% of 
its orbit. By determining its 
orbit within ten centimetres 
(four inches), with an 
aca ceecrucelerei acme ty 
used for navigating the 
satellite and calibrating its 
on-board instruments. 
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The crew of Apollo 8 were 
the first people to see and 
photograph our planetasa 
globe inits entirety. 
During the fourth orbit around the 
moon, Lunar module commander 
William Anders tooka series of 
photographs of the Earth that became 
knownas ‘Earthrise’. They revealed 
the true splendour of our planet 
suspended in stark contrast with the 
barren lunar surface, and became an 
icon for showing that our home isa 
fertile and fragile dot of life inan 
immense and deadly universe. 

From the Sixties onwards an 
enormous number of Earth 
observation satellites have been 
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The MicroWave Radiometer operates at 
frequencies of 23.8GHz and 36.5GHz. It’sa 
nadir-pointing instrument (faces down at 
the Earth) that can measure vapour 
content of clouds and the atmosphere, as 
wellas moisture levels of landscapes. 


et 


The Laser Retro-Reflector (LRR) is 


positioned on the Earth-facing side of 
the Envisat, close to the RA-2antenna. 


It’sa passive device that allows 
high-power pulsed ground-based 


lasers to accurately determine the 
position of the satellite to calibrate the 
RA-2and DORIS instruments. 


launched to look at the hard facts 
about the state of our global 
environment, as itis assaulted by 
extremes of natural events and the 
impact of human activities. 
Observations from space can study 
large patterns of change throughout 
the Earth’s surface and in the 
atmosphere, and can be used to 
supplement information gained by 
ground or ocean-going instruments. 
The additional benefit of satellites is 
they can transmit data continuously, 
and cover areas of the Earth that are 
inaccessible or too hostile for any 


other methods of gaining information. 


At first, Earth observation satellites 
simply used visible light and infrared 
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GOMOS 


The Global Ozone Monitoring by Occultation of Stars 
(GOMOS)is the first instrument to use the occultation of 
stars to measure trace gases and aerosols from 15-100km. 


(9-62mi) above the Earth. In each orbit, it can che 


SCIAMACHY 

Scanning Imaging Absorption spectroMeter for Atmospheric 
CartograpHY measures solar radiation primarily transmitted, 
backscattered and reflected in the stratosphere and 
troposphere. By examining UV, visible and near-infrared 
wavelengths, it detects low concentrations of gases and aerosols. 





sensors to monitor the position of 
clouds for weather forecasting. Later, 
microwave sensors were introduced 
to improve these forecasts by 
obtaining measurements of the 
temperature, pressure and humidity 
in different layers of the atmosphere. 
The success of such satellites led 
NASA to launch the Landsat series of 
observation satellites in July 1972. 
Using multi-spectral scanner 
instrumentation, Landsats were able 
to produce images of the Earth’s 
surface gained from up to eight 
different wavelengths, showing the 
distribution of snow and ice cover, 
vegetation, landscapes, coastal 
regions and human settlements, 


The MEdium Resolution Imaging 
Spectrometer (MERIS) consists of five 
cameras that are each linked to 
spectrometers to measure the reflectance 
levels emitted from the Earth. These 
determine the amount of chlorophylland 
sediments in oceans and coastal waters, 
and can examine the effectiveness of 
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MIPAS 

The Michelson Interferometer for 
Passive Atmospheric Sounding 
(MIPAS) spectrometer works in the 
near to mid-infrared wavelengths to 
measure nitrogen dioxide (NO.), 
nitrous oxide (N,O), ammonia (NH), 
nitric acid (HNO,), ozone (0,) and water 
(H,0)in the stratosphere. 


AATSR 

The Advanced Along Track 
Scanning Radiometer (AATSR) isa 
passive radiometer with a wide- 
angle lens that measures visible and 
infrared emissions from land and 
ocean surfaces. Its measurements of 
thermal brightness are accurate to 
atleast 0.05°C. 


which proved to bea rich source of 
new data for cartography, geology, 
regional planning, forestry, 
agriculture, climate studies and 
educational purposes. 

In the Seventies, Landsat data about 
the worldwide state of wheat crop 
growth was used to forecast yield 
rates and stabilise the market for this 
crop, which led to more stable prices 
for consumers. Using data from 
Landsat images, researchers recently 
discovered 650 previously unknown 
barrier islands, including a chain of 54 
islands that stretch 563km (350mi) 
from the mouth of the Amazon River. 

Satellites save lives and reduce 
property damage by tracking and 
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warning of the arrival of hurricanes, 
tornadoes, floods and other extremes 
of weather or natural disaster. For 
example, in August 2005 satellites 
provided an accurate early warning of 
the approach of Hurricane Katrina 
and, a month later, Hurricane Rita. 
Unfortunately, responses to these 
warnings were slow, resulting in 
extensive damage and loss of life. 
Afterwards, satellites (NASA’s TRMM 
and NOAA‘s GOES and POES) provided 
imagery of the damaged areas to help 
in the reconstruction of the areas 
affected. This helped bring about the 
pledge by nations that operate 
satellites to provide imagery to any 
nation affected by a major disaster 
under the terms of the International 
Disaster Charter. 

The sensing technologies used by 
satellites consist of optical sensors 
that can detect the strength of 
reflections from the Earth in the 
visible/near infrared spectrum and 
thermal infrared rays that are 
radiated from the surface. Microwave 
sensors can detect radiation in this 


MODIS 

The MODerate-resolution Imaging 
Spectroradiometer gathers data from 
36 bands of the electromagnetic 
spectrum. Its twin-mirror17.78cm 
(7in) telescope gains data on the 
distribution and temperature of 
clouds and water vapour, and marine 
and lower-atmosphere processes as it 
passes over the equator at 1030am. 
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“Satellites 
warning of the d 
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longer wavelength of the spectrum 
coming from the Earth’s surface, or 
active microwave sensors can send 
microwaves to the Earthand observe 
their reflections. 

Civilian Earth observation satellite 
surveillance is co-ordinated by the 
committee on Earth observation 
satellites (CEOS), which is currently 
affiliated to agencies that are 
operating 116 active satellites. These 
broadly study the long-term and 
changing global environment from 
the atmosphere, land, ice and snow, 
oceans, gravity and magnetic fields to 
the oceans. In the next 15 years, CEOS 
agencies are planning 260 satellites, 
which will carry 400 instruments to 
develop better weather forecasting 
and knowledge of climate changes. 

Since the Nineties, NASA has run 
the Earth observing system (EOS) 
program that co-ordinates the 
activities of its polar-orbiting satellites 
to study “radiation, clouds, water 
vapour and precipitation; the oceans; 
greenhouse gases; land-surface 
hydrology and ecosystem processes; 
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NASA‘s range of satellites in their Earth observing system (EOS) program includes Terra and 
a planned launch of Aquarius in June 2011, to measure the salt levels of our oceans. Overall, 
they cover every aspect of surface and atmospheric environmental conditions 


glaciers, sea ice and ice sheets; ozone 
and stratospheric chemistry and 
natural and anthropogenic aerosols. 
To further this research, it plans to 
launch 15 Earth observation satellites 
by 2020. The European Space Agency 


” 


also plans several ‘Earth explorer’ 
missions, which includes the launch 
of three satellites in 2013 to study the 
Earth's magnetic field (‘Swarm’) 

and one to profile global winds 
(ADM-Aeolus). 
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Launched on 18 December 1999, Terra (EOS AM-1) investigates the 
impact of natural and man-made climate changes. It travels ina 
north-to-south, near-polar orbit at an altitude of 705km (438mi), 
viewing the entire surface of the Earth every two days 


The Clouds and the Earth’s Radiant Energy System (CERES) 

uses two identical instruments to determine how clouds 
influence the flux of thermal radiation from the Earth’s surface to 
the top of the atmosphere. One radiometer instrument scans the 
Earthacross the track of the satellite and the other scans alongit. 


ASTER 


The Advanced Spaceborne Thermal Emission and 


Reflection radiometer (ASTER) consists of three 


telescopes that during eight minutes of every orbit 
acquire high-resolution images of land heights, surface 
temperatures, emissions and reflections. They are able 
to detect changesin land surfaces and are used to 
calibrate data gained by the other Terra instruments. 


MISR 

The Multi-angle Imaging Spectro- 
Radiometer (MISR) uses nine digital 
cameras pointing at different angles 
to obtain images in the blue, green, 
redand near-infrared wavelengths 
ofthe electromagneticspectrum. 
They are able to provide monthly 
trends in the distribution of aerosol 
particles, cloud formations and 
Ree AVeetc lao ene ere bereocn 


MOPITT 

The Measurements Of Pollution In The 
Troposphere (MOPITT) instrument 
package measures the amount of carbon 
monoxide (CO) in the troposphere by 
analysing infrared radiation vertically 
radiating from the Earth. These 
measurements enable the production of 
models of the composition and 
distribution of fossil fuel consumption 
and biomass burning on a globalscale. 











1. japanese 2. Natural and we 2. Icelandic 
earthquake man-made See volcanic eruption 
Within hours of the AATSR instruments When Iceland's Eyjafjallajokull 






recorded images of the 
Buncefield oil depot fire in 
2005 and the decline of 
B Arctic sea ice during 2007. 


volcano erupted in April 2010, 
MERIS on Envisat recorded 
composition and distribution 
of the volcanic ash. 


Japanese earthquake and 
tsunami on 11 March 2011, & 
Terra and Aqua satellites 
transmitted images. 





) Only 24 astronauts have seen the entire Earth from space while on their Apollo missions to the moon 





Which asp 
the satellites observing? 


Atmosphere 


NASA launched eight Nimbus Earth 
observation satellites between 1964 
and 1978. They pioneered the use of 


‘sounders’ that measure the 


humidity and temperature of the 


atmosphere. They obtain 
temperature measurements by 


analysing infrared radiation (IR) on 
wavelengths linked with oxygen or 


carbon dioxide. IR or microwave 


sounders identify water vapour in 


the atmosphere to measure 
humidity. Microwave sounders 


have a lower resolution, but can be 


used in all weather conditions as 
they can sound through clouds. 





The red portion of this view of the 
US reveals the highest ground 
levels of ultraviolet radiation 


Radiation 


Visible blue, greenand red 
light only provides a limited 
amount of information about 
the Earth’s surface, so 
satellites use spectrometers to 
study the invisible near- 
infrared and infrared parts of 
the electromagnetic spectrum. 

They can identify and track 
the growth of plant species, as 
they all reflect infrared light. 
The infrared ‘fingerprint’ of 
plants can also indicate the 
amount of water present and 
can warn of potential 
droughts. Likewise, exposed 
rocks radiate their own 
infrared fingerprint that 
allows geologists to identify 
valuable mineral/oil deposits. 

Infrared data from satellites 
is ‘false coloured’, so invisible 
light from up to three 
wavelengths is rendered into 
a combination of red, green 
and blue. 








Gulf oil spill creeps towards the 
Mississippi Delta 


ects of Earth are 


ICESat image, showing clouds 
and aerosols over Africa 





In the Seventies the USA and USSR ran ocean observation 
satellite programmes, which carried synthetic aperture radar 
(SAR) equipment. A number of radar images are taken by SARs 
and combined to produce a single detailed image. This is able 
to determine the height of sea levels, waves, currents and their 
distribution and can detect oil slicks and shipping movements. 
The Jason1 and 2spacecraft currently use these techniques to 
study the topography and characteristics of the oceans, to give 
a better warning of floods or climate changes. 


Ice 


Carrying on from the work of 
Envisat, which discovered 
that every decade since 1978 
the Arcticice fields have 
shrunk by 2.7%, the 
European Space Agency 
launched CryoSat-2 on 8 
April 2010. It uses radar 
altimeters with SAR 
technology, specifically 
designed for its mission to 
study the thickness and 
distribution ofice in the 
polar oceans. NASA‘s ICESat 
(2004) carried a Geoscience 
Laser Altimeter System 
(GLAS), which used pulses of 
laser light to measure the 
height and characteristics of 
Greenland and Antarctic ice 
fields. These satellites have 
indicated the role of 
greenhouse gases in the 
polar atmosphere and that 
the ozone layer has shown 
signs of recovery. 


Land 


The Shuttle Radar Topography Mission (SRTM) by 
the Endeavour space shuttle in February 2000 used 
two radar antennas to produce the most 
comprehensive hi-res digital topographical map of 
the Earth's terrain. The data is used by Google Earth 
to create maps that can be viewed in 2D or 3D. 

Earth observation satellites are important in 
monitoring the seasonal variation of vegetation. 
Besides studying long-term changes, they are also 
used to observe and issue warnings of natural 
disasters such as volcanic eruptions, forest fires 
and earthquakes. 























Perspective view of Santa Barbara, 
generated using data from the shuttle 
radar topography mission 


View of Antarctica, showing ice 
sheet elevation and cloud data 


Gravity 


The European gravity field and steady-state ocean circulation 
explorer (GOCE), launched in March 2009, carries an Electrostatic 
Gravity Gradiometer (EGG) to measure the gravity field of Earth. By 
measuring the minute variations in the tug of gravity, it enables the 
production of Geoid maps of the globe that can indicate ocean 
circulation and changes, the movement and composition of polar ice 
sheets and the physics of the Earth’s interior. 

In March 2002, NASA launched two Gravity Recovery And Climate 
Experiment (GRACE) spacecraft. They use a microwave system that 
accurately measures any minute changes between their speed and 
distance, indicating the influence of the Earth’s gravitational pull. 















Bm team) eli ia 


Discovering just how similar nevis 
: planet actually is to Earth... 


Sous re often been called Earth's sister ae because of their, 
- ‘ similarities. Both planetgare terrestrial (meaning that they 
are made up of silicate rocks),and close in size, mass and 
~ gravity. Venus probably hasa similarstructu r) to 
» Earth, witha crust, mantle and core. It has a diameter of around 
12,000 kilometres, 650 kilometres smaller than Earth. Its 
mass is about 80 per cent of Earth’s mass, and 
BBP uaceys eee esac UNA 
However, there are also many differences 
between Venus and Earth. Venus is about 108 
million kilometres from the Sun and hasan 
almost perfectly circular orbit, while all of 
the other planets have elliptical orbits. 
Venus completes one orbit every 225 days . 
and has one of the slowest rotations of 
any planet, with one every 243 days. 
Venus's consistently high temperature 
means that it has no surface water. 
The planet also has more than1,500 
volcanoes, many of which are more 
than 100 kilometres across. Most of 
the volcanoesare extinct, but some 
believe that there has been recent 
volcanic activity. Because Venus 
doesn’t have rainfall, lightning could 
have been caused by ashy fallout froma 
volcanic eruption. These eruptions have 
created a rocky, barren surface of plains, 
mountains and valleys. 
Venus is also covered with more 
than1,o00 impact craters. While Earth 
and other planets also have craters, 
Venus's are unusual because most of 
them are in perfect condition. They haven’t 
degraded from erosion or other impacts. 
Venus may have experienced a massive event 
as much as 500 million years ago that 
resurfaced the planet and changed its 
atmosphere completely. Now bodies entering its : . 
atmosphere either burn up or are slowed down y " 
enough to avoid making a crater. L 
It has proven difficult to learn more about Venus, in - 
part due to its dense atmosphere. Although probes first visited 
the planet in the early Sixties, it was not fully mapped 
by radar until the 1989 NASA Magellan probe. The Venus Express, 
launched by the European Space Agency in 2005, is a long-term 
exploration probe currently orbiting the planet and sending back 
data about its atmosphere. # 
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Venus has phases like 

a moon 
When closest to the Earth, 
Venus appears bright and 
crescent-shaped. When it is 
further away, the planet is dim 
and round. 


Venus rotates 
backwards 
Venus has a retrograde, or 
west to east, rotation. This 
is actually the opposite 
direction of its revolution 
around the Sun. 


Venus was the first 
‘probed’ planet 
NASA’s Mariner 2 probe was 
launched in 1962. It passed 
within 30,000 kilometres of 
Venus and took microwave 
and infrared readings. 


Venus has 
no moons 


Venus probably hada 

moon billions of years ago, 
but it was destroyed when the 
planet's rotation direction 
was reversed. 


Venus is brighter than 
the stars 


Venus is brighter than any 
star and can be easily seen 
in the middle of the day, 
especially when the Sun is 
low in the horizon. 


Venus’ 
atmosphere 


Immense pressure of 
the atmosphere 


Venus’s atmospheric pressure is greater 
than that of any other planet - more than 
go times that of Earth’s. This pressure is 
equivalent to being almost one kilometre 
below the surface of Earth’s oceans. The 
atmosphere is also very dense and mostly 
carbon dioxide, with tiny amounts of water 
vapour and nitrogen. It has lots of sulphur 
dioxide on the surface. This creates a 
Greenhouse Effect and makes Venus 
the hottest planet in the solar system. Its 
surface temperature is 461 degrees Celsius 
across the entire planet, while Mercury 
(the closest planet to the Sun) heats up to 
The NASA Magellan 426 Celsius only on the side facing the Sun. 
» Spacecraft 
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Venus is covered in broad 





Beneath the 
surface of 
Venus 


What lies at 
the core of 
Earth’s sister 
planet? 


Mantle 

Venus’s mantle is 
probably about 3,000 
kilometres thick and 
made of silicate rock. 


Crust 

Venus likely has a 
highly basaltic, rocky 
crust about 100 
kilometres thick. 
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- Core 

eT teal CRT ola cea 
Core is a nickel-iron alloy and 
partially liquid, with a diameter 
of 6,000 kilometres. 
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1. Ishtar Terra 
One of two ‘continents’, or 
major highland areas, on Venus, 
Ishtar Terra is located at the 
planet’s North Pole. It is a little 
Taare) (em tare lan tacemexe lal terete te) 
United States. 


2. Maxwell Montes 
Located on the north edge of Ishtar 
Terra, Maxwell Montes is the largest 
mountain range on Venus at nearly 11 
kilometres high. 





ce een 
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3.5 kilometres above the surface of Venus. It is 
covered with lava flows. 


4. Guinevere Planitia 

Venus is covered with regions of lowland plains 
such as Guinevere Planitia, which contains several 
volcanoes, impact craters and fissures. 


5. Beta Regio 


Beta Regio is one of several volcanic rises on Venus’s 
surface, more than 1,000 kilometres wide. 


ee gree] =) or d eneestedtreo) 
MET aoe Me set ek ALU oBKlelets 
and blue | dotted by volcanoes 
indicates lower This computer-generated image shows a 
) A . 7,500-kilometre-long region on the northern 
=1l<AMalefe laa hemisphere of Venus knownas Eistla Regio. It 
ans) (oe contains two volcanoes, Gula Mons on theright and 
colour VIEW of SifMons on the left. Gula Mons is about three kilometres 
Venus high and Sif Mons stands at two kilometres. 





Earth Venus 


Tr. ae 


Venus and Earth are very similar in 

size. Venus’s diameter is only 650km less 
than that of Earth, and the mass 

is 81.5 per cent of Earth's. 





12,103.6km 


12,756.3km 

















sixth thatof our home planet's. . 


The moon is often referred to as dead, mainly because there is no life and rks} ae 
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Understanding man’s fascination 
with Earth’s natural satellite 


Not ae HtAa ecb aeCeleyeMoLepmenelNAstaIC IN cmIMcLe) eRe adel Re eeucmuene alr e 
i. system and the only other celestial body upon which nian has stood, It’s 
much smaller than the Earth, witha diameter about 4 per esnan eta 
. Seem TUL CNS TREC EPI COR CM asenincte emda ee tree 
« The moon hasa much lower gravitational force than the Earth - its CN about one- 


a . The average 


ohn 
238,857.miles 


hasn’t changed much over the billions ofyears. Témperatures at is poles can be ag high 
as 127 degrees Celsius during the day and as lowas -173 degrees Celsius at night. The 
moonisalso covered in deep craters that can stay as cold as -240 degrees Celsius. , 
Its apparent glow is just light reflected from the Sun. There’s no atmosphere and no . 
air, although there isa collection of gases above the surface known as an exosphere. a 
The moon does have days that last about 29.5 hours, although the sky is always dark 
with visible stars. It rotates on its axis in about the same time it takes for it to orbit the 
Earth, aphenomenon knownas synchronous rotation. This means that the same side - 
called the near side - is NANNING facing the Earth. The far side is often called the dark 
side, but it’s illuminated by the Sun once per lunar day just like the nearside. 
As the moon orbits around the Earth, it goes through four phases- the new moon, Rae g ° 
. first quarter moon, full moon, and last quarter moon. Quring the new moon, the moon 
is between the Sun and the Earth, so the sunlit-side isturned away. Every seven days, ; 
more of the moon becomes visible. This process is known as waxing.Halfwaythrough , . « 
* the lunar month there isa full moon. Thenas the moon’s orbit takes it further away 


from Earth, itwanes and less of it is visible. 


The surface 
of the moon 


Astronauts who have visited the moon describe the surface as 
being covered witha fine, powdery dust that was very slippery. 
Movements had to be planned several steps ahead. Although 
the gravity is one-sixth that of Earth’s, simulations helped them 
to cope with the differences. 


This photo of Buzz Aldrin 
was taken by Neil 
Armstrong during the 
Apollo 11 mission 





1.‘Maria 

The darker areas of r 
the moon are cratered 

plains called elie) 

(Latin for ‘seas’), 

Originally they were * 

thought to be water- 

filled, but they afe 

actually filled with 

fel lfel E\V-8 


4. Ocean of Storms * 

Also known as Oceanus * 
(ecole) Ine ARR MUSSINA Ic) 
covering more than 4 million square , 
kilometres. The Apollo 12 mission 

and several lunar probes have 

landed in the Ocean of Storms. 


5. Copernicus 


The moon is covered with numerous impact craters, 
and Copernicus is one of the most prominent. It’s 


about 800 million years old and light in colour 
because it doesn’t contain lava. 


distance from Earth 
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The moon is covered with 
ate] 
_plains, highlands, and craters +. 















Nobody owns it Man in the moon No weapons allowed Were we really there? A second moon 
There are US flags and Soviet The stark contrasts between Under the Outer Space Treaty, Some believe that the moon 3753 Cruithne is an asteroid in 
pennants on the moon but they the maria and terrae have the moon can only be used for landings were faked by the orbit around the Sun. It has 
are purely symbolic. The Outer been interpreted as various peaceful purposes. In fact no United States government, been called “Earth’s second 
Space Treaty gives the moon patterns including a human nuclear weapons or WMDs are possibly to gain prestige, moon”, although it is only a 
the same status as face, head or body and evena allowed to be in orbit or although these theories have quasi-satellite with 364 day 
international waters. small dog. installed on any celestial body. been repeatedly disproved. orbit of the Sun. 
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ae ti 8 ll Could we ever live there? 


Amoon colony has its pros and cons 


atures, including . 
Many people believe that we may someday observatory because ofits slow rotation and 
a colonise the moon. Space tourism could bea inactivity compared to the Earth. There also 
huge source of income anda permanent colony appears to be water at the poles. 
would make it easier to construct and launch However, there are some negatives to the idea 
spacecraft to explore other planets. It doesn’t of moon colonisation. The low gravity would 
take long to reach the moon -just three days - require compensation because ofits detrimental 
and there isn’t much delay in communications effect on the human body. The lack of 
between the moon and the Earth. Many atmosphere and extreme temperatures, as well 
experiments that could result in new as the relatively long lunar night (15 hours), 
findings could be conducted there. would also require advanced technologies to 
* It’san excellent site for an allow for any kind of habitation. 


Keto) f 

Tranquillity 

Known in Latin as Mare 

Tranquillitatis, this mare 

was the landing site for the 

| y Apollo 11 mission. It looks very 
blue in photographs due to its 

high metallic content. 


y 


2. Terrae 

The lighter regions of the moon are called highlands or 
Alar (o (1am Colne MN oko] Manele all) 
ranges and ancient volcanoes present. 
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Apossible future lunar * 
mission would include , 
establishinga Lunar 
Observatory witha telescope 
ee s 
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Solid inner core , Mantle 
Unlike the Earth this does Extends down to a depth 
net provide a global y of 1,000km 
magnetic field b 
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“Every 250,000 Years OF so, 


the magnetic poles reverse” 





Les Johnson, manager of the 
Marshall Space Flight Center's 
Interstellar Propulsion 
Research Center, holdsa patch 
of experimental solar sail 
material weighing less than 1/10 
ofan ounce per square yard 


How solar 
sails work 


Acosmic kite blown by photons is our 


greatest hope for interstellar travel 
gy When the Space Shuttle fuels up fora short commute to the 


This is NASA‘s concept drawing ofan 
interstellar probe cruising on solar sails that 
are 40 to100 times thinner than paper 


International Space Station, 95 per cent of its weight is in the gas 

tank. The sheer weight of rocket fuel is one of the greatest 
obstacles to interstellar space travel. That’s why space futurists are so 
excited about solar sails, a ‘fuel-free’ craft powered by beams ofsunlight. 

Sunlight travels in packets of energy called photons. Whena photon 
reflects offa mirrored surface, itimparts two minuscule taps of energy: 
once during the initial impact and once as it’s reflected. For decades, 
scientists theorised that ifyou could make a reflective surface big enough 
and light enough, it could be nudged through space bya constant barrage 
of photons. 

In 2010, that theory will be tested when the Planetary Society, co- 
founded by the late Carl Sagan, will launch a 350-square-foot solar sail 
made of aluminised Mylar (1/5,000 ofan inch thick) into space. 

Solar sails don’t have dramatic blast-offs, but rely ona more patient form 
of power: constant acceleration. A massive solar sail of 600,000 square 
metres would accelerate at an underwhelming one millimetre per second. 
After a day, however, the sail would be moving ata rate of 310kps (195mph). 
After 12 days, it would reach 3,700kps (2,;00mph). 

Imagine its velocity after six months - enough, scientists hope, to sail 
out of our solar system into the great beyond. 


Inside a100-foot 
diameter vacuum 
chamber, NASA 

pecs er- 040) 81 6s) 
successfully deploy 
onmsnntclcck: oJ baci ae 
along a but rigid 
extendible booms 
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would be incinerated 


Whena child drawsa picture of 
gy the Sun, they willscribblea 

yellow circle emitting spiky 
rays. Apparently, kids knowa thing or 
two about astrophysics. The Sun doesn’t 
just shine its beneficent light on the 
Earth, it also bombards us with deadly 
gusts of solar wind, a plasma of charged 
particles (electrons and protons) that 
speeds toward us ata million mph. 

The Earth’s magnetic field is the only 
thing standing between these 
radioactive winds and the fragile 
planetary surface. The magnetic field 
deflects solar wind safely around the 
planet, creating a comet-shaped 
protective shield called the 
magnetosphere. Without this protection, 
life on Earth could not exist. 


1. Radioactive winds m 
The Sun emits radioactive plasma in 
all directions at 400km/second. If 
plasma reached the Earth, it would 
destroy all life on the planet. 


3. Bow shock 

Since plasma is supersonic - 
travelling faster than the 
speéd of sound - it creates a 
huge shockwave as it strikes 
the forward edge of the 


Parr iim sie 
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4. Warped waves 

BUM emt end 
compressed on the day- 
facing side and elongated on * 
the night-facing side, one of 
TEMA eae ena sy 
shape and orientation of 

ele lsat (Ce som 





The Earth’s magnetic field doesn’t 
follow the simplistic north-south 
orientation of your compass. Magnetic 
north and magnetic south, for example, 
are 11 degrees different than Cartesian 
northand south. And ifyou were to map 
the magnetic field, you’d see complex 
contours of field lines that vary slightly 
with every location on the planet. Most 
incredibly, every 250,000 years or so, the 
magnetic poles reverse. 

Where does the magnetic field come 
from? The leading theory is that the 
Earth’s core is a perpetual electric 
generator or dynamo. Currents of liquid 
iron pass through a weak magnetic field 
generating electromagnetic energy that 
produces a much larger and stronger 
magnetic field. 


2. The shield 

The Earth’s magneticfield exerts an 
outward force that deflects the solar 
winds, creating a cémet-shaped safe 
zone called the magnetosphere. 


5. Northern lights 

During solar storms, plasma 

infiltrates the magnetosphere, 

travelling along the magnetic field 
* toward the poles where it 

PSU orice arelge (Re 1g etal (melt 

creating magnificent light Bene 





Earth’s magnetic 
field explained 


Without our invisible shield, the Earth 


Image courtesy of NASA 


1. Armageddon 





Hollywood at its cheesiest. 


Asteroids are remnants of material 





An asteroid is making a beeline for Earth 
in this blockbuster that sees Bruce Willis 
make the ultimate sacrifice for mankind. 


2. Deep Impact 

Okay, so technically Deep Impact is about a 
comet, not an asteroid, but it’s still a lump 
of rock and it’s still heading for Earth as Téa 
Leoni and Morgan Freeman discover. 





from the formation of our solar system ~ 











® Asteroids are small solar system bodies (SSSBs) 

&. that fall between the size ofa planet and the 
SUAMOecBeelelKcle ce) (OMe acevo ber-peceyeem lets. BCU 

~ hundred centimetres to a few hundred 
kilometres in diameter, asteroids are made of rocks and 
metals. Most are carbon-based, while others are silicate or 
metal-based. They are left over from the formation of the 
solar system more than 4 billion years ago. 

Millions of asteroids orbit the Sun in the Main Asteroid 
Belt, a massive ring between 300 and 600 million 
kilometres in diameter between the orbits of Mars and 
Jupiter. Most asteroids have elliptical orbits and take a few 
years to orbit the Sun. Some astronomers think the Asteroid 
Belt comprises remnants froma planet that was destroyed 
during a collision, while others believe that they are 
material left over from a planet that never formed due to 
Jupiter’s strong gravitational pull. # 


Rocky inner core 
Lies beneath 
the ice mantle 


Water-ice layer 
100km thick provides 
50 per cent of 
Ceres’ mass 







thnausty inside Ceres 


outer crust 
The surface temperature 
is estimated at -38°C 


The largest body in the 
asteroid belt explained 
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Fela) 
asteroid 
eye) 
(white) 


The Hildas 


(orange) Ba t=wot8 la) 


Jovian 
Trojans 
(green) 


Where to find them 


The Asteroid Belt isn’t the only group ofasteroids. The Hildas 
have orbits just inside of Jupiter's orbit. Another group, called 
the Jovian Trojans, share Jupiter’s orbit at areas called the 
Lagrangian points. The group 60° ahead of Jupiter's orbit are the 
Greeks, while the group trailing by 60° are the Trojans. 


Will one ever hit Earth? 


Some asteroids do break free from their normal orbit, either 
due to Jupiter's gravity or collisions with other asteroids. 
When they come within 1.3 AU (195 million kilometres) of the 
Sun, they are knownas near-Earth asteroids (NEAs). 
Astronomers theorise that an asteroid impact 65 million 
years ago could be responsible for the extinction of the 
dinosaurs. The possibility ofan asteroid hitting Earth and 
causing catastrophic damage is very low, although close 
calls happen ona regular basis. In March 2009, a small 
asteroid (about 60 metres wide) passed within 66,000 
kilometres of Earth. 








3. Asteroid 

Maybe not the baddest but certainly the 
most unimaginatively titled. First aired 
as a mini-series for US TV in 1995, the 
asteroid of note is heading for Dallas. 





1, Ceres 
Diameter (miles): 605 

Orbital period (years): 4.6 
Distance from the Sun (AU): 
2.767 

Date discovered: 

1 January 1801 

Facts: Ceres is the largest object 
in the Main Asteroid Belt, and the 
smallest dwarf planet in our solar 
system. It is spheroid with clay 
and icy crust, an icy mantle and a 
rocky core. 





2. Ida 

Diameter (miles): 33.3 x 15 x9 
Orbital period (years): 4.84 
Distance from the Sun (AU): 
2.86 

Date discovered: 

29 September 1884 

Facts: Ida was the first asteroid 
found to have its own moon, 
Dactyl. It has an elongated 
crescent shape covered in craters, 
and is likely made of silicate rocks 
like iron, feldspar and olivine. 





3. Gaspra 

Diameter (miles): 

12x 7.45 x 6.83 

Orbital period (years): 3.29 
Distance from the Sun (AU): 
2.209 

Date discovered: 

30 July 1916 

Facts: The very first asteroid 

to be closely approached by the 
Galileo spacecraft, Gaspra is an 
irregularly shaped asteroid 
covered in small craters. It is likely 
made of metal silicates because it 
has a reflective surface. 
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Closest approach to Sun: 

88 million km (55 million miles) 
Furthest distance from Sun: 
5.3 billion km (3.3 billion miles) 
Orbital period: About 76 years 
First recorded: 240 BC 

Last recorded: 1986 

Next appearance: 2061 
Diameter: 16 x 8 x 7km 

Mass: 2.2 x 10" kilograms 


rod Fr 


“As it comes closer, it heats up and 
spews out dust and gas to forma 
glowing cloud — the coma" 


alley’s Comet — 


Whatis this fiery ball and why clots ie 


‘returntothenightsky?° ~~ 
) Cometsare dirty snowballs made of dust and ice left 
behind when our solar system formed. Halley's 
Cometis the best-known short period comet-a 

=~ comet that has orbited around the Sun more than 
once in recorded history. 

Comets’ orbits can be tilted at a large angle relative to the 
orbits of the planets. Halley’s Comet’s orbit is so tilted it looks to 
orbit backwards compared to the planets. Its orbit is also very 
elongated so the distance between Halley’s Comet and the Sun 
changes dramatically as it travels. 

When the cometis far from the Sun, it’s a frozen ball calleda 
nucleus. As it comes closer, it heats up and spews out dust and 
gas to forma glowing cloud - the coma -and long tail. Each time 
Halley’s Comet returns towards the Sun, it loses more ice until, 
eventually, there will be too little to forma tail. 


We'll have to wait until 2061 to see 
this sight again 


Over the centuries, Halley’s Comet 
has been blamed for earthquakes, 
the births of two-headed animals 
and even the Black Death. 
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Dinosaur extinction 
Acomet hitting the Earth 200 
million years ago could have 
cleared the way for dinosaurs 

to rule the world until another 
comet wiped them out 135 million 
years later. 


Lightweight 

Aperson weighing 45kg on 
Earth would weigh 0.005kg on 
acomet and could jump off into 
space, A comet's small size 
gives it little gravity to hold 
objects down. 


3 Gushing gas 

Comet Hale-Bopp could have lost 
250 tons of dust and gas every 
second as it swung by the Sun in 
early 1997 - more than 50 times 
greater than most comets. 


4 Time capsule 

Comets could hold a deep- 
frozen record of the early solar 
system. Scientists think they 
formed 5 billion years ago and 
have remained almost 
perpetually frozen since. 


5 Seeding life 

Dust collected from comet 
Wild 2 in 2004 contained a 
chemical, glycine, used by 
living organisms. Scientists 
think some building blocks for 
life could have arrived from 
space on comets. 


What is the 
Sela e lye 


Want to turn from an aeronaut 


into an astronaut? Just cross 
the Karman line 


The Karman line is an official boundary between the Earth’s 


atmosphere and space, lying 1OOkm (approximately 62 miles) 
above sea level. The governing body for air sports and aeronautical 
world records, Fédération Aéronautique Internationale (FAI), 
recognises it as the line where aeronautics ends and astronautics 
begins. 

The line is named after aeronautical scientist Theodore von 
Karman. He calculated that approximately 100km above sea level it 
was more efficient for vehicles to orbit than fly. The air thins with 
increasing altitude and aircraft rely on air flowing over their wings to 
keep them aloft so must move faster with increasing height. Above 
100km they'd have to move faster than the velocity satellites orbit 
around the Earth. 

Thin air also explains why the Earth's sky looks blue and space is 





The layers in Earth’s 
atmosphere 


Exosphere 

Many satellites orbit in the exosphere - 
the highest atmospheric layer. It 
extends to 10,000km above sea level 
and gets thinner and thinner until it 
becomes outer space. 


Thermosphere 

‘Thermos’ means hot. Air molecules in 
this layer can be heated to over 
1,000°C by the Sun’s incoming energy, 
but we would feel cold because there is 
so little air. 


Mesosphere 

Meteorites entering the Earth’s 
atmosphere normally burn up in the 
mesosphere, the coldest layer in the 
atmosphere that lies 50 to 80km 
above sea level. 


Stratosphere 

The stratosphere stretches 

from around 12km to 50km 

above sea level. This layer contains 
the ozone layer, which shields 

us from the Sun’s potentially 
harmful ultraviolet radiation. 


Troposphere 

The atmosphere’s lowest layer 
contains 75 per cent of its mass and 
almost all its weather. It varies from 
around 8km high at the poles to 
20km over the equator. 





The first man-made object to 
cross the Karman line wasa 


German V-2 rocket during a 
1944 test flight. 





Soyuz blasts off! 
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What’s the 
weather like in 
outer space? 


The weather on Earth can be terrible, but 





Had NASA decided to 
©@. launch an extra mission 
= between Apollo 16 and 17, 


its astronauts would've been killed 
by an acute overdose of radiation 
caused by a solar radiation storm 
courtesy ofa solar flare. 

In extreme circumstances, you 
wouldn't even have to be inspace 
to suffer the consequences of 
increased energetic particle 
activity caused by a nasty solar 
flare - passengers on commercial 
airlines would receive a unhealthy 
dose of radiation too. During this 
extreme solar weather, satellites 
can be rendered useless and high 
frequency communications would 
stop working near the polar caps. 

Geomagnetic storms are 
potentially more deadly, however. 


in space it can be positively cataclysmic... 


Disturbances in the Earth’s 
magnetic field caused by the Sun’s 
solar wind have been enough to 
wreak havoc with power systems 
across the world. In1989 an 
electromagnetic storm wiped most 
of Quebec off the power grid for 
nine hours. In fact, the effects were 
so strong auroras (the visible effects 
of particles interacting with the 
Earth’s magnetic field) could be 
seen as far south as Texas. 

There’s also the thought of 
micrometeor showers. Space rain is 
actually made of tiny particles of 
rock and metal travelling at tens of 
miles per second. Micrometeoroids 
are remnants of the creation of the 
solar system and millions of them 
bombard the Earth from space 
every day. ® 


Space weather 





The most common forms of space weather include solar 
wind, raining micrometeoroids and geomagnetic storms 





Micrometeoroids 
These are only called 
micrometeorites once 
they've fallen to Earth. They 
can potentially destroy 
satellites and other space- 
based technology, though 
rarely make their way 

to Earth. 
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storms 

Caused by solar flares 
rushing at the Earth, solar 
radiation storms could 
potentially kill an astronaut 
stone dead and even 
severely harm unfortunate 
airline passengers. 
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Geomagnetic 


storms 

Ever-changing solar winds 
create geomagnetic 
storms, which could 
completely overload power 
systems and cause 
devastating country-wide 
blackouts. 


<——— Closer to the ring here 
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“Working together they actually hold 
the material in place like a pair of 
inter-planetary bookends” 


Prometheus is the second F- 
Ring shepherd 


eo Pandora lies just 


outside the F-Ring 


The complexity of Saturn’s rings hasa lot to 
do with the many tiny moons shepherding 
the ring material into this uniform design 





Saturn’s elusive 
Shepherd moons... 


Saturn’s rings might have disappeared a long 
time ago without these celestial bodies... 


Without them Saturn would be just 
another gas giant, but the Saturnian 
system’s rings have beena thing of 
wonder since Galileo first spotteda 
pair of fuzzy ‘ears’ around oursolar 
system’s second largest planet some 
400 years ago. Since we've only 
recently started to explore the outer 
planets, there is still some debate as to 
the actual origin of Saturn’s rings. 
While some think they originate froma 
moon that could have succumbed the 
Roche limit (whena body reaches an 
orbit close enough to its parent body to 
be literally ripped apart by 
gravitational forces) or obliterated by a 
comet, others think the ring system is 
almostas old as Saturn itselfandisin 
fact material left over from the planet's 
own creation. 

One thing scientists are quite sure 
about is the vital role a selection of 
Saturn’s 62 moons play in the ring 
system's outstanding beauty. These 
Shepherd moons actually shape and 


maintain the crisp edges separating 
the famous rings on their orbits 
between the various ‘gaps’ - without 
them the Saturnian system’s crowning 
jewel might not even exist at all. 

While a single Shepherd moon’s 
gravity is capable of pushing and 
pulling the small particles ofa 
particular ring into a uniformed knife 
edge, the outer F-Ring is an example of 
aring maintained bya pair of 
Shepherds - Prometheus and Pandora 
-one either side of the ring. Working 
together they hold the material in place 
like a pair of inter-planetary bookends. 

There’s still a lot to learn about 
Saturn’s Shepherd moons, not least 
because more are being discovered. 
The most recent Shepherd spotted 
keeping tabs on the outer B-Ring was 
found just last year as part of the 
Cassini mission, but witha diameter of 
little more than 300 metres it’s barely 
perceptible, even to man’s most 
advanced orbiting probes. 


Up close and personal 


Before we ventured into ‘deep’ space with 
the Voyager missions launched in the late 
Seventies it was thought that Saturn only 


hadasmallselection of rings. It wasn’t 
until Voyager1and 2 sent back nearly 


2,000 pictures of the Saturnian system that 


the rings were revealed and tens of 


thousands of lesser rings were seen. These 


missions and the more recent Cassini 
mission confirmed that these intricate 
structures were the handiwork ofa 
partnership between Saturn’s larger 
moons and smaller Shepherd moons. 


Anartist’s impression of the 
No\erroasjoretacecctit 





Allimages courtesy of NASA 


m8] P Larger than it appears Don't stare directly ‘Tis the season A brief observation An indirect view 


Ina total eclipse the Sun and Our retinas cannot sense any Eclipse season happens twice Total eclipses generally The best and safest way 

the moon appear to be the pain, so permanent vision loss a year (approximately every take a couple of hours from to view any kind of eclipse 
= 1) a TS same size, due to their caused by staring at an eclipse 173 days), when the moon start to finish, with the period is through a special solar 

respective diameters and may not become evident until crosses the orbital plane of the of totality lasting for a few filter (such as eclipse 

distances. The size difference hours later, so be sensible Earth. Each season lasts minutes and plunging an area sunglasses) or possibly 
i a (Eig j=) IS ES is actually monumental. when viewing. between 24 and 37 days. into complete darkness. a pinhole camera. 





wD YR Ancient cultures were often frightened by solar eclipses and attributed them to supernatural beings 


Solar eclipse 


Solar eclipses occur 






) During asolar eclipse, the moon casts 


. X shadows on the Earth knownas 
when dats moon umbra or penumbra. The umbra is the 
darkest part of the shadow, while the 
Passes between the penumbra is the area where part of the moon is 
Earth and the yep) blocking the Sun. Partial eclipses happen when 
the Sun and moonare notin perfect alignment - 
only the penumbra of the moon’s shadow passes 
over the surface of the Earth. Ina total eclipse, the 
umbra touches the Earth’s surface. 

There are also annular eclipses, in which both 
the Sun and the moonare in alignment but the 
moon appears to be slightly smaller than the Sun. 
The Sun appears asa bright ring, orannulus, 
around the moon’s profile. The umbra is still in 
line with a region on the Earth’s surface, but the 
distance is too great to actually touch the surface 
ofthe Earth. 

Depending on your location, an eclipse may 
appear to be any of the three possible types. For 
example, ifyour region lies in the path of totality, 
you will experience a total eclipse, while people 
in other regions may only see a partial eclipse. 
Solar eclipses occur between two and five times 
per year, with most of these being partial or 
annual eclipses. 

Total eclipses have four phases. First contact 
occurs when you first notice the shadow of the 
moon on the Sun’s surface. During second contact, 
you will observe a phenomenon called Baily’s 
beads, when sunlight shines jaggedly through 
the rugged peaks and valleys of the moon’s 
surface. When one bead of lightis left, it appears 
,: , asa single dotin the ring, known as the diamond 
sagt? aoe oe rats Sa ee it ring effect. Next, the moon completely covers the 

: E Sun’s surface with only a corona of light showing. 
The final stage is third contact, when the moon’s 
shadow moves away from the Sun. 





2 





The solar eclipseis a truly 
breathtaking sight 


When the 
moon blocks 
out the Sun 


The relationship between 
the Sun, moon and Earth 





during an eclipse is 
geometr Ic 

1. Sun 2. Moon 3. Umbra 4. Penumbra 5. Earth 
The Sun and the moon often appear to The magnitude of an eclipse is The umbra is the central areaof § Thepenumbrais the outer partof In an annular solar eclipse, the umbra 
be the same size, because the ratio the ratio between the angular the shadow of the moon. If this the moon’s shadow. You willseea never touches the Earth because the 
between their diameters is about the diameters of the moon and Sun. area passes over you, you'll see partial eclipse if this part passes moon is too far away in its orbit. The 
same as the ratio between their During a total eclipse this ratio a total eclipse. The sky will be over you and the sky will only be Sun appears as a bright ring around 
respective distances from Earth. is one or greater. completely dark. partially dark. the moon’s profile. 
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Red 
mele 


Other than the fact thatit’s‘a 
planet in our solar system, what 
do we really know about Mars? AE 


To date there have been 42 missions to Mars, 
with exactly half of them being complete failures. 
Other than the Earth itis the most studied planet 
™ inthesolar system, and for centuries it has been at 
ee heart of wild speculation and groundbreaking scientific 
discoveries. Observations of Mars have not only revealed 
otherwise unknown secrets but also posed new and exciting 
CohUCeroiu Coy atoe-Dole BLM (op Co)mdalerBacr-lie)ercndetclmim@ et-topol-aeyeelem alc) 
most intriguing planetary body of our time. 

Named after the Roman god of war, Mars has faScinated 
astronomers since Nicolaus Copernicus first realised Mars was 
another planet orbiting the Sun in 1543: Its notable features 
such as huge impact craters, gullies and dormant volcanoes 
suggest it was once more geologically active than it is now, 
leading scientists to speculate on whether it supported water 
and life in the past, or indeed if it still does today. Astronomers. 
in the 19th Century falsely believed they could see large 





oceans, and there were several reports of people receiving Like all the planets in our solar system, it is believed Mars 
‘communications’ from Martians in the form of bursts of light formed about 4.5 billion years ago inside a solar nebula, when 
when they observed the planet through a telescope. Of course, dust particles clumped together to form the planet. At just 
we now havea better understanding of the planet, but we are under half the size of Earth it’s quite a small planet, which is 
still yet to unlock some ofits most puzzling mysteries. accredited to Jupiter forming first. The gravitational forces of 
Mars sits 141 million miles (227 million km) from the Sun and this gas giant consumed available material that would have 
takes 687 Earth days to orbit. As its orbital path is not in sync otherwise contributed to Mars’s growth, while Jupiter's gravity 
with Earth’s it goes through a 26-month cycle of being closest prevented another planet forming between Mars and Jupiter 
(known as ‘opposition’) and furthest (‘conjunction’) from us, and instead left the asteroid belt. The northern hemisphere of 
located at a distance of 35 million miles (56 million km) and 249 Mars is significantly younger and lower in elevation than the 
million miles (401 million km) respectively. This change in southern hemisphere, suggesting the planet was struck bya 
distance means spacecraft destined for Mars are sentina Pluto-sized object early in its lifetime. 
launch window every 26 months, when Mars is closest to Mars is often referred to as something ofa ‘dead’ planet. 
Earth. The next will be in November 2011, when NASA plans to Indeed, its lack of folded mountains like those on Earth show 
launch its new Mars rover, named ‘Curiosity’. Thejourneytime —_ thatit has nocurrently active plate tectonics, meaning carbon 
is upwards of six months, so Mars will actually be closest on dioxide cannot be recycled into the atmosphere to create a 
3 March 2012. greenhouse effect. For this reason Mars is unable to retain 
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1,500BC 


Egyptians refer to Mars as 


‘Horus of the Hawk’, a god with 
the head of a hawk. They note 
its retrograde motion, when it 
moves backwards in its orbit 


relative to Earth, 





- Giant crater 
AU itonaatcpaCeyatetsoant 
hemisphere two miles 
(3.2km) lower than the 
southern, ithas been 
suggested thata Pluto- 
sized body once crashed 
¢ shal co} 








much heat, with a surface temperature as low as 
-133°C at the poles in the winter, rising to 27°C on the 
day side of the planet during the summer. 

Despite this, the atmosphere of Mars offers 
conclusive evidence that it was once geographically 
active. The outer planets in the solar system have 
atmospheres composed of predominantly hydrogen 
and helium, but that of Mars contains 95.3% carbon 
dioxide, 2.7% nitrogen and 1.6% argon, with minimal 
traces of oxygen and water. This strongly suggests 

that volcanoes once erupted across its surface and 
spewed out carbon dioxide, further evidenced by 
giant mountains suchas Olympus Mons that appear 
to be dormant volcanoes. 
It might not be geologically active, but Mars does 
play host to some extreme weather conditions, most 
notably the appearance of dust devils. These 


350BC 


Aristotle first proposes 

that Mars orbits at a further 
distance than the moon 
when he notes that the moon 
passes in front of Mars in 

his observations. 


1609 


observe Mars, but is later 
vilified by the Vatican for 
asserting that the planets 


Core 

The core of Mars is about 920 
miles (1,480km) in diameter, 
composed mostly ofiron 
Milde byseerse tee Lena 
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Poles 

There isa large amount of water 
ice at the poles of Mars, in 
addition to asizeable amount of 
frozen carbon dioxide, or dry ice. 


tornadoes, ten times larger than anything similar on 

Earth, can be several miles high and hundreds of 

metres wide, creating miniature lightning bolts as the 
dust and sand within become electrically charged. 
The wind inside one of these, though, is almost 
unnoticeable, as the atmospheric pressure on Mars is 
so low. Interestingly, one of the reasons for the long 
survival rate of NASA’s Mars rovers is that these dust 
devils have been cleaning their solar panels, allowing 
them to absorb more sunlight. 

Mars'’s gravity is about 38% that of Earth, with just 
10% of the mass. The surface pressure is just over 100 
times weaker than ours at sea level, meaning thata 
human standing on the surface would see their blood 
instantly boil. The red colour on Mars’s surface is the 

result of rusting, due to iron present in the rocks and 
soil reacting with oxygen to produce an iron oxide. 


Galileo Galilei uses a telescope 
to become the first person to 


orbit the Sun and not Earth. 


Marsis tilted approximately 24.5 
degrees to its orbital plane, 


ee eae 


1666 


Astronomer Giovanni Cassini 
calculates the length of a 
Martian day, notes the polar 
ice caps and even calculates 
its distance from Earth in his 
telescopic observations. 


1840 


Astronomers Wilhelm Beer 
and Johann Heinrich Madler 
study Mars througha 
3.75-inch telescope and 
produce the first sketched 
map of its surface. 


| 
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similar to that of Earth. 


a Orta 
Meteorite impacts, volcanoes, 

erosion and the flow of the 

mantle have all contributed to 

the feature-rich crust, whichis 

about31 miles (50km) thick. 


ent L112) 
The soft mantle made of siligates 

isless dense than the core andis 

thought to have once been active, 

much like that of Earth. 


The absence ofa magnetic field, 
and its low density suggest Mars 
lacks a metallic core like that of 
Earth, although the Mars Global 
Surveyor has detected traces of 
anancient magnetic field. 







Size comparison 
Mars is approximately half the 
size of Earth; although both have 
roughly thesame surface area of 
land (Mars hasno oceans). 


In 1877 the American astronomer Asaph Hall, 


urged on by his wife, discovered that Mars had two 
moons orbiting so close that they were within the 
glare of the planet. They were named Phobos and 
Deimos, after the attendants of Ares in the Iliad. 
Interestingly, the moons are not spherical like most 
other moons; they are almost potato-shaped and 
only about ten miles wide at their longest axis, 
indicating that they are the fragments of the collision 
of larger objects near Mars billions of years ago. 
Phobos orbits Mars more than three times a day, 
while Deimos takes 30 hours. Phobos is gradually 
moving closer to Mars and will crash into the planet 
within 50 million years, a blink of an eyein 
astronomical terms. The moons have both been 


touted asa possible base, from which humans could 
observe and travel to Mars. ® 
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just 10% of the mass” 
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Olympus Mons 

At16 miles (25km) in height and 
more than 310 miles (500km) in 
diameter, this extinct volcano is 
about two anda halftimes the 
size of Mount Everest, and is the 
largest known mountain in the 
solar system. In fact, it’s so big 
you could fit the entire state of 
New Mexico insideit. 


berrerereri sf trereet 


Tharsis region 

This giant bulge is six miles 
(1okm) high and 2,485 miles 
(4,000km) long. Its presence 
indicates that Mars might 
have been geologically 
active, allowing for features 
suchas thist 


Tharsis Montes 

These three giant shield volcanoes, 
Ascraeus Mons (top), Pavonis Mons 

(middle) and Arsia Mons (bottom) are about 
nine miles (14.4km) high and 220-280 miles 
(354km-450km) wide. Although smaller than 
Olympus Mons, the Tharsis bulge they’re on 
means theyrise toa similar elevation. 


Valles Marineris 

Formed from shifting of the crust in ancient 
times, this system of valleys is as deep as six 
miles (10km) in some places and about2,500 
miles (4,000km) long, about the distance 
from Philadelphia to San Diego. 


South Pole 
Itis estimated thatifall 
theice at the South Pole 
e were to melt, the entire 
' Some features on surface of Mars would 
ee Vercerattectas) be covered toa depth of 
+ suggest that lava 1metres (36 feet). 
once flowedin 
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The ice cap on Mars’s North 
Pole is about 680 miles 
1,100km) wide 
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Opportunity rover 

Landing exactly three weeks afterits sister 
rover Spirit at Meridiani Planum, 
Opportunity is the longest-serving 
artificial object on Mars. It has provided 
unprecedented views of the Victoria crater, 
andis onits way to the Endeavour crater. 


Gullies on Mars show 
evidence of water flow 





North Pole 
There is aboutimillion 
cubic miles (1.6 million 
cubic km) ofice at the 
North Pole of Mars, just 
over half the amount of 
ice inthe Greenland ice 
sheet on Earth. 
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have returned 
thousands 


ofimages 


Spirit rover 
Landing on 4 January 2004, NASA‘s first Mars Exploration Rover 
explored various regions before becoming stuck in soil as it travelled 
round anarea knownas the Home Plate. All communication was 
lost with the rover on 22 March 2010 and, although there wasa 
chance it would wake up, it was declared dead in mid-2011. 


+ 


PNT eCaactet ice tet ay © 





Capturing this image 
This map of Marswas created by reconstructing data from NASA’s Mars Global 
Surveyor, the Mars Orbiter Laser Altimeter and observations by its Viking spacecraft 


NASA’s rovers 













No thisisn’t Tatooine, it’s 
the sunset over the Gusev 
crater on Mars 


Lor. 5 
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could be life as well” 






|_| 
Taken by ESA‘s Mars Express 
orbiter in 2005, this image 
shows residual water ice inan 


unnamed crater on Mars 
The cold temperature and lowatmospheric 
pressure on Mars means that finding liquid , ") 
water on its surface is highly improbable, as ” 
it would immediately freeze and then . , " 
evaporate. While ice has been discovered at i 
the poles, itis the search for liquid water that 
RAeTeDulecenielo ac relencleCueRCRICA Ce 
life on Earth in many different < > oe 
enviroments, but none has been & 
discovered in the absence of water. If there is & 
liquid water on Mars, that means there 


could be life as well. 
In 2008, NASA’sPhoenixMarslander * a 


provided proof that there was water beneath 

the surface when it dug a trench and oo 

observed that some material subsequently - a 

disappeared, suggesting thatunderground 

water was being vaporised as it was exposed - Sal 
‘to the air. NASA's Spirit rover gleaned one of . Some, a _ Ps 

the most conclusive pieces of evidence for ~ . 

water on Mars, after becoming stuck in soil : 

in early 2009. Attempts to move the rover 4 

disturbed the ground and brought 


Lu lesciube tac) UR veM Cond s(eRL Iara omnU EN (OeT 5 i C it te 7] fl M 
suggested that water had moved . ra er Wa i OW 
How can the water flow on the 

surface without boiling off it? 


A Steam 


clouds Vaporise 
If liquid water were to flow on Mars’s surface it 
Le rene would immediately evaporate. However, this 
we a said 
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downwards through the surface. 










process cools the ground, letting water behind 


er the flow freeze and form an ‘ice dam’. 
water layer 


Ice barrier 





Flood water 


: Eventually the pressure in the dam would 
build to such an extent that it would break 
oer eterd ape and send flood water rushing down the side 
an Ps a | ofa gully. This would explain the presence 
Subsurface soil uncovered by NASA's Spirit rover of water channels in gullies on Mars. 


revealed the water-soluble mineral ferric sulphate, 
asign of downward-flowing water 
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eneee Crees This NASA spacecraft was 
ll ihe the first to ever visit the 
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With the window for launch to Mars 
occurring just once every two years, and 
with a journey time of about six months, 
yar olenetadaCcRiUlqaccKe) eB enn iss (eyeB Ts soa his | 
vital. Here, we take a look at eight of the 
most important successful and failed 
missions to the Red Planet 


Dubbed ‘Marsnik’ by the Western 
media, this unmanned Russian 
spacecraft was to be the first to 
attempta flyby of the planet, but 
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1. Smart life tne 2. 


Spirit rover 


The Viking 1 orbiter < Z * This image of a vaguely 
imaged an optical illusion . ~* human-shaped rock 

that looked re a . & Ti: a = taken by the Spirit rover in 
like a human face, many oat “g é 2008 had many touting 


believing that it was an. —- the 


discovery of alien life 


alien artefact. A on Mars. 





Artist’s impression 
This shows how Mars 
might look like ifitwas 
terraformed. Features 
suchas Valles Marineris 
are clearly visible. 


‘ 


Greenhouse effect 
Alarge volume of liquid 


Why haven’t | 
we set foot ;~ 
on Mars? 


One of the problems with any manned 
mission to,Mars is the region of space 
the crew must traverse. To get to Mars 
with current technology would 
take about six months, anda 
human spacecraft would also 
polcleVeR=JeCO)brd eBANCR KOREAN Cohe)ia 
and return to Earth. 


Another problem is the 
amount of solar radiation 


y the crew would be 


Wey tele one ies (elS 
Earth’s magnetosphere 
(and with Mars not 
having one), thereisa 
high chance of : 
potentially fatal 
damage caused by the 
Sun. There is the also 

the added mental strain 
of travelling such a long 
distance. The Mars-500 


water could theoretically pee ae ie 
allowits atmosphere to Academy of Sciences is 
resemble the greenhouse currently performing an 
effecton Earth. ; oa elvennicnl@nyelclece- Macnee 


volunteers 





Opportunity Bee ener en perro pon , 
NASA‘s Opportunity rover has H 
sheaaaancnan parm) 1980 ;~ Viking1 1990 remainedin operation since it H 
These two identical E In1976, NASA‘s landed on Mars on 25 January2004, ; 
spacecraft, consisting Hama A hreher-e aortas the longest surviving lander. 
ofan orbiter and : the firstspacecraft 
lander, were launched PROCS R enV  Saperennpenrennnananan 
EBOMMct Elec laaeaents Heme VeLO BCU Seb beta BS eng 
USSR in1971. However, Pea TH betes Pe ete hey = 
both landers lost E ea es 
contact on the surface. H Wectsecso pee F 






Beagle 2-- 
Contact was lost with the British lander 
PSbCoc NE Vice lao ere beclile bac) eumHNLS 
ESA’s Mars Express orbiter in 2003. 
Mars Polar lander-4---------- eT TTT 
Itwas launched to return data from 
the South Pole, but comms were lost 
whenit failed to slowits descent in1999. 














have been placed insidea 


Mars Reconnaissance Orbiter 
Launched in 2005 and stillin operation 

Lolo NANPANSTAMCH IVES OD ote Mereroue Rieter nerem antsy 
planet from orbit to search for evidence 


OO AVELmoinae trite c Acmennn 


2000 





3. Mars 
failures 

As half of all missions to 
Mars have failed, a 
long-running joke within 
NASA claims a ‘Galactic 
Ghoul’ eats spacecraft. 


©NASA/JPL-Caltech/ 
PAeebesA et icren) 





NASA hopes to use its 
Orion spacecraft to reach 
NED ESDe dant eos Tels) 
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mock-up potential Mars spacecraft for 
640 days to simulate such a mission. All 
communications outside the enclosed 
environment have been givena 
20-minute delay, similar to what 
humans would experience if they were 
to travel to Mars. 

Currently, NASA and private 
enterprises are stepping up efforts to 
get humans to Mars by the 2030s. 
NASA’s space shuttle replacement, the 
Orion spacecraft, has provisionally 
been tasked with taking humans to 
Mars by 2035, while private companies 
such as SpaceX (with its Dragon 
capsule) also hope to eventually reach 
Mars ata similar time. 
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The smallest and coldest of *... °° 
the four gas giants, as well as 

the most distant from the 

Sun, Neptune is the 

windiest planet in our 

solarsystem. 


* Over 4.5 billion kilometres 

‘from Earth and withan 

average temperature of -220°C, 
. - Neptune is the fitrthest planet 
from the Sun and the coldest in our solar 
system, excluding the dwarf planet Pluto. \ 
Itis a massive (49,532km in diameter) 
sphere of hydrogen, helium and methane 
ETE (ogee cloR-VaelveCeReRurtet Mov i@eetetsice 
heavy core of rock and ice that, despite its 
similarsize and structure to its inner 
neighbour Uranus, differs in appearance 
orecbartclatesl WmOccnleneree HAN deve 
violently windy atmosphere on its surface. 
Find out what makes Neptune so unique 
and volatile right here. # 


5. Dark spot 

The Great Dark Spot, a gigantic, dark storm the size of Earth, was 
captured on film by the Voyager 2 spacecraft as it passed by 
Neptune in 1989. Storms of this size and magnitude are believed by 
scientists to be relatively common on this volatile, windy planet. 
However, when the Hubble Space Telescope tried to image the 
Great Dark Spot in 1996 it had disappeared. 
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True blue Gale force Belt buster Son of god The four seasons 


Neptune's eye-catching deep Around its equatorial region Due to the fast nature of Neptune’s one major moon Neptune undergoes seasons 
blue colouring is caused by the Neptune is privy to winds Neptune's spin around its axis, is actually named, funnily just like here on Earth. 
methane gas in its atmosphere, in excess of 1,340 miles per its equatorial region is 527 enough, after his Greek However, they last 40 years 
absorbing red light and hour as well as extremely miles larger in diameter than counterpart Poseidon’s each instead of just the three 
reflecting blue. violent storms. at its poles. son, Triton. months we're used to. 






MeN artes ita) 

{YeXso)I KM Maa eISSN — Dark carbonaceous dust 
Celie Been ese g ; litters Triton’s south pole 
(the Sun is over 900 

Aan oR Mere] mold 

Neptune compared to 

on Earth), Neptune is 

host to a complex and 

active weather system 

driven by its internal 

heat source. Clouds, 

storms andhigh winds 

are common, made up 

of the hydrogen, helium 

Par aie Sot ae 

its atmosphere. 








yan : 
ruil) not shown here, Lert icy ae Learning more about 


.” if system, and is host to a series of six rings enciréling the Neptune S massive moon 


planet. The rings are made from tiny pieces of yet-to-be 

































Upper detdmined materials (probably rocks, stellar dust and While Neptune has 13 moons in total (four inits ring system and nm ne out), it 
atmosphere DR AU AE Le OL has only one major moon - Triton. Triton was the first of Neptune’s moons 
’ aE CUO Ree coe MMM eit to be discovered, just 17 days after the discovery of the planet was 
cloud tops ° ks sae eeLy announced in 1846, and it is bigger than the dwarf planet Pluto. It followsa 
circular orbit around Neptune and exhibits a synchronous rotation, 
3. Structure meaning that the same side always faces inwards. At both ofits poles 


De Ur bands of nitrogen frost and snow are projected and redistributed by solar 
composition to Uranus. Indged, only 15 per 


a Tn Ae De 2 winds overits atmosphere and into space. | oe 
Pon elaeR anni cia ov ket cia cen NT ta Triton is retrograde in motion, travelling in the opposite direction to 
Poe mension eaWe ct Neptune’s spin, and this scientists believe is evidence to its captured origin 
AM Ae Ue eR ae from elsewhere in the solar system, rather than formation in line with its 


Fe a planetary centre. Geologically young, Triton is two parts rock to one part 
* of,yock. As With the ul gas giants, the 5 A oui | 
boundaries between layers are not clearly LC soe mantle 
defined and change consistently. core and crusty, icy, craterous 


aa , : surface. Atits southern pole 


Atmosphere 
(hydrogen, helium, 
methane gas) 


° P “hy lies a region of dark patches 
—_—_—_—————  4.Orbit caused by the heating of sub- 
Neptune takes 164.8 Earth years to orbitthe surface nitrogen ice into gas 


Sun and it is tilted to’its orbital plane Od Wiehe) 

degrees, allowing its northern and southern 5s 

Mantle poles to face the Sun in turn. The planet is vents te geyser-like plumes, 
also 30 times as far from the Sun than Earth depositing carbonaceous 

is and it presents the second most circular dust over its surface. 

orbit in the solar system, only beaten off by 
Venus in the parity between its aphelion and Animage showing Triton’s 
perihelion distances. polar projection 


that erupts through surface 


(water, ammonia, 
methane ices) 


Core 
(rock, ice) Triton’sicy, 


scarred surface 


Ty. 


Neptune's diameter is 
nearly five times that 
of Earth, with a mass 
that is the’equivalent 
of 17 Earths. 
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12,756.3km 





“Our entire solar system 
is entombed in an almost 


en 
SOLAR SYSTEM (ggasi te aa 


How ocean tides work 


Gravitational forces tip ocean waters like a bathtub Earth 


‘ ae 4 , 2 There are two scientific principles at work, says Iheanyi NOsondu PhD, 
oT Tene else Ne eee ener eRe Leon IMUM E OCR CLUE LA A UCR an associate professor of geography at Fort Valley State University in Georgia. 


sets in the distance. You look around and - like the famous scene from High tide “The rotation of the Earth produces the Coriolis effect,” he says. “The 
Chitty Chitty Bang Bang- you're surrounded by water. The phenomenon movement of currents of water and air is affected by Coriolis. Ferrell's 
of ocean tides is caused by gravitational forces as the Earth moves around Door eee eae ere ceo MC LA 


hemisphere is deflected to the right of its path of motion 
eT ESOL Dele Raut sb tne CSE Leelee ae Late * regardless of compass direction. In the southern 


hemisphere, it is deflected towards the left.” 
















High tide 


Moon ot} 


gees ky 
gravitational pull 





a hasBoltia) 


Tides 
There are also three kinds of tides 
on the planet, says Osondu. Diurnal is when the 


Moon pull 
Asecond reason for ocean tides rising and lowering: 
the ocean tends to bulge on the side of the Earth that is closest 


to the moon. “The moon makes one complete rotation round the Gravitational pull tide rises and lowers once per day, and is common 
Tata RW la arse aCe RBar l Melero Orel n (UM Oe R un -Relti (1g airs R eh ae mi Reese Mele nimey- lle mille RW te R ese in the Gulf of Mexico. Semidiurnal, common in the 
hand, the Sun also influences the tides. It should, however, be you tipped the bathtub to one side, the water would rise. In the Atlantic coasts, has two similar tides per day. 
noted that the moon has a greater influence on tides than the ocean, the water levels change when gravity pulls water to one side Mixed tides, where there are two dissimilar tides 
Sun because it is nearer, even though the Sun is much larger.” of the Earth, which causes the water level to lower on the other side. per day, are common in the Pacific coasts. 


Where ts the Kuiper belt? 3 __ 


If you were looking for a gigantic asteroid field and a cloud of icy malo 


particles, where would you look? eee ent 


There’s asurprising amount of matter left over from the Sept 2001 > > Pa 
creation of our solar system some 5 billion years ago and Dw 1 oo Baers: 
it lies just beyond the orbit of Neptune i ee | 


i Seo ERER CS bY 
bel noe 
ee ico oo Neptune’s 
orbit —> ; orbit 
: Sun 


Ifyou were to scale down the Sun and planets so the Earth sat just 1cm away 
om from the Sun, the furthest dwarf planet would sit some 30 centimetres away. 
Just beyond the orbit of Nepture, however, lies a wide belt of the remnants from 
=? theconstruction of oursolar system. The Kuiper belt contains hundreds of 
thousands oficy particles thought to be up to 60 miles in diameter, along with up toa 
trillion smaller comets. 

But the solar system doesn’t end there - our entire solar system is entombed in an 
almost perfect sphere ofice, the Oort Cloud, that lies some half a kilometre further away on 
our previous scale (where the distance from the Earth to the Sun is just one centimetre). 
Lying on the boundaries ofinterstellar space, this shellis thought to contain up to 2 trillion 
icy bodies teetering on the very cusp of our Sun’s gravitational grasp. 


Wudoo lorie nod 
icy particles and 
small comets 
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Why does the moon not crash into Earth? 


Orbits work because two bodies of mass 
@. are attracted to each other with force and Mars’ orbit 

that for every action there is an equal and Due to its elliptical orbit, Mars 
opposite reaction, as explained in receives 45 per cent more to complete one elliptical 
Newton's Third Law of Motion. In terms of orbits, this SE ae eee 
means that when one object rotates around another of 
a higher mass it experiences continuous free fall 
towards the larger body, undertaking a constant 
gravitational acceleration towards the greater object 
that deflects what would otherwise be its straight-line 
motion into a curved trajectory. In essence, any orbit is 
maintained by the direction of its motion and OL 
acceleration, both of which alter constantly, thereby dice 
producing its curved orbit. Piet 

Allclosed orbits are elliptical in shape, the degree of 

which varies from a perfect circle to a stretched egg 
form, and is referred to as an orbit’s eccentricity. Many ——s URANUS 
of our solar system’s orbits - such as our moon’s around 
Earth -are pretty circular with a low eccentricity. Here, P 
both bodies rotate around the joint centre of mass -— 
which in the Earth/moon relationship is deep inside NEPTUNE 
the Earth -and the lesser body remains relatively ath 
circular throughoutits orbit. Others, such as Pluto’s 
orbit around the Sun, are highly elliptical and 
elongated, with a large gap between its perigee (its 
closest point of approach) and its apogee (the point 
where it is farthest from the orbit’s focus). In the case of 
Pluto and its own moon Charon, while Charon followsa 
largely circular orbit due to its large size and close 
proximity (it is roughly half Pluto’s size), the mass 





Neptune’s orbit 
Far more circular than many 


Uranus’ orbit 
Uranus takes 84 Earth years 





orbits, Neptune is tilted to its 
orbital plane by 28.3 degrees. 


) 

























centre of the two objects is not within Pluto but out in Pluto's orbit 
space between the two. Pluto’s orbit is far from ~— 

An easy way to understand orbits is to imaginea ee Seales - 

is inclined by 17.1 degrees. 

cannonball fired out ofa cannon from the top ofan rt 
impossibly high mountain —a visual image first used : : 
by Isaac Newton in the 18th Century. Once fired the D: 7 ia 
cannonball moves sideways and falls towards the “4 eva a 


Earth (the central body), however it has so much 
tangential velocity that it misses the central object as it 
curves away beneath it due to its circular shape and 
continues to fall indefinitely, caught in an equilibrium 
sustained by its velocity and the pull of gravity. # 

; 





DUT ia C1 ce a BADE Sea! &, eae 

, > er : : : — Barycentre 

' ec iay ae : é bas b ‘ oe . The barycentre is a system's 
‘2 ere F 5 Na My ar mass centre. Pluto’s is out 
wats) orbits 7 ye : 3 of the planet in space, 

around Pluto 
Pluto’s orbit : PENT , : ey charon’s orbit 
Pluto orbits around its mass Nea . ( ak . . Charon is a large moon 


centre and around the Sun - : ah RSE Cs ; oe aay hey 5 5 . : . compared to Pluto and orbits 
the latter is highly eccentric. p AC . % . " 5 - it every 6.38 Earth days. 






Allimages © NASA 
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The Earth isa wonky 
planet. Every year we 
makea complete 
cebee neal tele 
revolution around the Sun, but 7 
every day our planet spins ° 
E-VaelUD oC R-W leyeysy(e (clo R- Dele M ODIs) Pla 
imaginarylinethatrunsthrough + 
the centre of the planet from 
the North Pole to the South Pole * 
is tilted ata 23.5° angle, and 
this wonky tilt is the reason for 
the seasons. 
sDUUbaborsmivbelcr- velo iuuhyanenaels 
northern hemisphere, the North 
Pole istiltedtowardtheSunand , 
South Pole tilted away. This 
means that solar radiation hits 
thenorthernhemisphere“head 
on” andis absorbed ina more 
concentrated area. Because the * 
southern hemisphere is angled 
away from theSun,thesame _ 
amount of solar radiation is 
So} cee (eke escee Bev eet VENoE 
surface area. y 
But differences in solar * 
intensity aren't enough to create 
summer and winter. The tilt of 
the axis also creates radical 
differences in the length of solar * 
exposure, what we define as 
daylight. If we go back to our June a 
and July example, the northern 
hemisphere is directly facing the 
Sun, which means the Sun 
carves a high path across the sky, 
creating longer daylight hours. In 
the southern hemisphere, the 
Sun travels much closertothe , 
horizon, which limits CNET my 
hours significantly. » P oe 
The combination of longer 
days and concentrated sunlight 
gives us summer. Shorter days s 
and dispersed solar energy 
gives us winter. Autumn and 
spring mark the transitional 
periods when days are getting ae 
longer or shorter and 
temperature variations tend to 
be less extreme. # 


. 
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Get out your flashlight and : 
Fo 0)-1c\0) 0 0)o00 PU Lm ch Wn 00(-8 C0 en 


* at nearly a90° angle, the intensity of the radiation is 


P Lelee(-lmrci] a relecck=1c-r- e118 e BLM ALLAN 


the seas 












. 
° 3. Summer solstice 
On roughly 21 June, the North Pole tilts the closest to 
the Sun, bathing the northern hemisphere in 
summer and the southern hemisphere in winter. 

















2. Tilted axis Bard 
The seasons are powered by the angle Ss 
Co) eaod t= g e- DRA ea oo) 

4 degrees away from being perfectly - 
perpendicular with its orbital plane. 
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1. Revolution ———————>> 5 : } 
The Earth travels in an elliptical orbit a 
. mi r around the Sun, but the path is nearly ® iS 
circular, meaning our distance from the Mt ad 
Sun is relatively constant year-round. , * 
r F : R 
. ; r bd 
1. The tropics . 
All year long, the region within the tropics P 
of Cancer and Capricorn receives the most 
direct and intense sunlight. J 





‘ 
Yee al eek Rear [e B= f=] 
Since the Sun's rays strike the region around the equator 


concentrated on a relatively small surface area. - 


3. Scattered surface area 
Near the poles, the Sun’s angle of incidence is much 
lower, meaning solar radiation scatters across a much 


Serious tilt 


Uranus spins on an axis tilted 
at 98°, and much of the planet 
is bathed in continuous 
darkness or continuous light 
for 20 years at atime. 


Long summer 
Because Neptune is so far away 
from the Sun, it takes over 164 
Earth years to complete a 
revolution. That makes its 
summer around 40 years long. 


“Tropical” Venus 
Since Venus’ axis only tilts at 
a3° angle, all of its seasons 
are roughly the same, which 
results in a rather steamy 
750K all year round. 
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ere i 4. Winter solstice 
At the opposite end of the Earth’s orbit, it’s 
the southern hemisphere’s turn to receive 


the most direct sunlight while Europe and 
the United States enter winter. 


= 5. Vernal equinox 
At this point in the orbit, the Sun shines evenly across the 
entire face of the Earth, neutralising the effect of the tilted axis. 






cycle of 
seasons 


The seasons correspond not only 
to the Earth’s position in orbit 
around the Sun, but your physical 
location on the Earth. At different 
times of the year, different parts of 
the planet receive more direct 
sunlight and longer days (spring 
andsummer), while others 
receive less direct 

sunlight and shorter 

days (fall and winter). 


The Sun’s intensity varies depending | 
on where youare on the planet — 


6. Autumnal 
equinox 

As with the vernal 
equinox, the first day of 
autumn has exactly 12 
hours of daylight and 12 
hours of darkness. 





Solar intensity 


It gets hotter as you move closer to the 
equator because the region between 
the tropic of Cancer and the tropic of 
Capricorn receives more direct and 
concentrated solar radiation. 

The reason for this is not because 
the tropics are ‘closer’ to the Sun than 
other parts of the planet. It has to do 





with something called the ‘angle of 
incidence’. During the vernaland 
autumnal equinoxes, the Sun’s rays 
strike the equator ata precise 90° 
angle. Since the solar radiation rains 
down on the Earthso directly, its 
intensity is concentrated ina relatively 
small area. Compare this with the 


solar exposure of Iceland, which sits 
right on the Arctic circle at roughly 66° 
north of the equator. During the 
autumnal equinox, the Sun’s rays hit 
Iceland ona much shallower angle of 
70°, spreading their radiation across a 
much larger surface area, thereby 
decreasing their intensity. 





Springtime on Uranus 


There are no April showers on 
Uranus. When spring arrives 
after 20 years of darkness, 
the warming atmosphere 
generates violent storms. 





Long days 


Due to its slow rotation on 
its axis and rapid movement 
around the Sun, a day on 
Mercury is the equivalent of 
176 Earth days. 


Solstice vs 
equinox 


The winter solstice is commonly 
referred to as the “shortest day of 
the year”. Although 21 December is 
still 24 hours long, it has the fewest 
hours of sunlight. On this day, the 
North Pole is tilted the furthest 
from the Sun, causing the Sun to 
trace alow path in the sky. As the 
months pass, the Sun’s course 
drifts upward until we reach the 
vernal equinox, a day with exactly 
12 hours of light and 12 hours of 
darkness. Around 21 June, the 
North Pole tilts closest to the Sun, 
the Sun rides high in the sky and 
we have the summer solstice, 

the longest day of the year. As 

the Sun’s path sinks back toward 
the horizon, we reach the 
autumnal equinox, the second 
time all year when day and night 
are perfectly equal. 


Here comes the 
Sun... flower 
aw 
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Seasons at 
the top of 
the world 


For people living at the equator, 
seasonsare virtually meaningless. 
The closer you are to the equator, 
the less your weather is affected by 
the tilt ofthe Earth. Ifyoutilta 
globe back and forth, the top and 
bottom appear to move further 
away from you, while the middle 
will remain relatively central. 

In high-latitude regions the 
differences between seasons are 
extreme. In the dead of winter in 
northern Norway, the northern 
hemisphere is tilted so faraway 
from the Sun thatit doesn’t peak 
over the horizon for two months. 
In the middle of summer, the Sun 
travels directly overhead, tracing a 
loop through the sky that holds 
back the night for 2.5 months. 



























Background image courtesy of NASA 


“The Earth's atmosphere has continual 
rising layers of hot air, predominately 
from the equator” 








Geographic poles 
These are fixed: it is the polarity 
not the continental land mass 
that shifts 180° during reversal. 


In the event of 
reversal: finding 
your bearings 


Confusing 

directions 

What we know as the 

ee current magnetic north 

. mn pole is actually a 

During transition, southern polarity. 
the field, though 

depleted and 


‘tangled’, is unlikely 
to disappear entirely. 


Impact 

on life = 
Animals that rely 

on Earth’s magnetic 
field for navigation 
have been shown 

to adapt. 





Flippin / 
navigation 

Unlike poles attract: 

north compass needles 

would point to south 

magnetic polarity, ie 

towards Antarctica. 


Reversing the flow 

Field lines continue to flow from north 
to south polarity but ‘enter’ Earth from 
below instead of above. 


eomaadnetic 
reversa 


Every 300,000 years the Earth’s 
magnetic poles switch places and we're 
overdue a change! So just what causes 
this to happen... 








Ageomagneticreversalisa 
change in the orientation of 
Earth’s magnetic field where 
magnetic north and south become 
interchanged. This occurs as Earth’s magnetic 
field derives from the fluid motion in its outer- 
core, with heat from the inner-core causing 
this ‘fluid’ to rise. Itis the currents that flow in 
this electrically conductive iron-rich fluid that 
generate the magnetic field, so when these 
change, so does the field’s direction. 
On average, every 300,000 years Earth’s 
magnetic poles switch places; a process 


050 


historically described and dated by the 
orientation of magnetite crystals set in place 
by cooling volcanic rocks. It is thought, 
though, that every few thousand years or so 
the fluid outer-core attempts to reverse, but 
that the solid inner-core can only change by 
diffusion and, because of this, actsasa 
braking mechanism. When it does actually 
occur, lengthy falls in field intensity tend to 
precede a reversal. 

Interestingly, while current field strength is 
relatively high, it has continued to fall for 
approximately the past 2,000 years. 





ii ees 
Coriolis effect? 


How our windy atmosphere 
gets left behind thanks to this 
deceptive force 


It’s actually all an illusion. The winds blowing in Earth's 
atmosphere are affected by the Coriolis effect, though that’s 
somewhat hard to see. You may be wondering what the 
Coriolis effectis? It’s avisual effect seen, for example, when 
a ball rolls forward ona rotating platform, and you're on the 
receiving end. The ball appears to curve on the platform, 
when actually it’s rolling in a straight line. 

The Earth’s atmosphere has continual rising layers of hot 
air, predominately from the equator. The hot air later cools 
and settles back down to Earth, moving away from the 
equator to both the North and South poles. This huge 
travelling flow of air moves ina straight path, but as the 
Earth rotates easterly, the air, as it moves from hot to cold, is 
left behind and falls somewhere further west. If the 
atmosphere was visual, the winds would most likely appear 
to be bending. # 


On the move 

The intended path (dotted 
Flare NCH ae mV AeeM aR IAe 
end up (curved arrows). 


Rotating Earth 

As Earth spins to the east, the 
rising hot air in the atmosphere 
lands somewhere unexpected. 





Note RU ale 

As winds travel from the North Pole 
to the equator, their path looks 
curved but they move straight. 


Equator to South Pole 
From the equator to the South Pole 
the winds actually end up ahead of 

themselves as the Earth moves. 





Inside lo 
Te is Io so volcanic? 


Ya Uae lem ol cecie eo) 

a huge gravitational 

forces expelled upon lo 
ye cakes tel 

eT age ce) Xpand 
*. and contract. 





1. Prometheus 
The nearly 100-kilometre 
dust plume emanating 
from the Prometheus 
volcano is thought to have 


been continuously erupting 
since at least 1979. 


and 100 mountains. 
ae 


MEY Colt rair-l aol 0 ic4 Ps 
Oe aoa ele =1e) Fee 
with over 400 volcanoes “ae 


2. Masubi 
Fluctus 

Originating from the 
volcano Masubi, the 
Masubi Fluctus is an 
active lava flow more 
than 500 kilometres long. 





1. Core 
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4, Surface 

« Thesurface of the moon 
.is covered in huge Welter 
NETH sy 1¢1-(2¥- ln (e de) <a 
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lo: The volcanic nee 


When it comes to the landscape on Jupiter's 


moon Jo, the only real constant is change 


f ) We often think of moonsin 


the context of Earth’s moon - 
cold, quiet and devoid of 
~ activity. While Jupiter's moon 
lo is roughly the same size as Earth's 
moon, it couldn't be more different. Io’s 
main feature is its volcanic activity. The 
moon is covered with more than 400 
volcanoes, which constantly spew 
plumes of sulphur, sulphur dioxide and 
ashas high as 500 kilometres above its 
surface. Io is also covered with hundreds 
of kilometres of lava flows and lakes, 
massive volcanic depressions called 
paterae, and openings in its crust called 
volcanic vents. This non-stop activity 


gives Io a colourful surface that looks a lot 
likeapizza. 

So what makes Io so unique? The 
answer is tides, but these tides are much 
stronger than those in Earth’s oceans. Io 
experiences tidal heating thanks to the’ 
gravitational forces exerted upon it by 
Jupiter and three of its other moons: 
Europa, Ganymede and Callisto. Io is the 
innermost of these moons, so it’s 
constantly in the centre ofa tug-of-war 
between the planet and the other moons. 
These gravitational forces are so strong 
that they alternately compress and 
expand Io’s interior, causing the surface . * 
to bulge in and out by as muchas 100 


kilometres. All of this force causes 
pressure and heat to build in Io’s silicate 


* rock andiron core, ultimately sending 


molten material spewing up through 
cracks in the crust. 

In addition to its numerous volcanic 
features, lo has more than 100 
mountains, some of which are taller than 
Mount Everest’s 8.84 kilometres. These 
mountains may be the result of the 
constant resurfacing of the moon’s crust 
due to all of the volcanic activity. A build- 
up of volcanic material could cause the 
crust to fallinto the mantle, pushing - 
chunks ofit up through faults a 
forming a mountain. # 





3. Loki 

Loki Patera is the 
biggest volcano 
depression on lo at 
more than 200 
kilometres in 
diameter (126 miles). 


Jupiter's 
Galilean 
moons 


Jupiter has 63 known 
moons, butits Galilean 
moons - Io, Europa, 
Ganymede and Callisto - 
are the four largest. 
Discovered by Galileo in 
1620, the Galilean moons 
also rank among the 
biggest moons in the solar 
system. Io is known for its 
extreme volcanic activity 
as well as its unusual 
silicate rock andiron 
composition. Europa’s the 
smallest of these moons, 
with asmooth surface of 
ice and water. Itisthought 7am 
to potentially harbour - 
extraterrestrial life. 
Ganymedeis the largest 
moon in the solar system, 
with a diameter wider 
than that of Mercury. 
Callisto is the second- 
largest Galilean moon, 
with a surface that is very 
old and covered in craters. 
Its largest crater, Valhalla, 
is 3,000 kilometres wide. 


CONT. 





“Uranus has a complex ring y 
system and a total of 27 moons 


Ore t 


Seventh planet from the Sun, third- 
largest and fourth most massive in the 
solar system. Uranus was the first planet 
to be discovered by telescope 


- Four times the size of Earth and capable of containing 63 Earths inside it (its 

©@. is only 14.5 times as dense however, as it is a gas giant), Uranus is the third 
largest and forth most massive planet in our solar system. Appearingtalm 

“and pale blue when imaged, Uranus has a complex ring system anda total 
of27 moons orbiting its gaseous, cloudy main body. Due to its distance from the Sun 
the temperature at the cloud-top layer of the planet drops to -214°C and because ofits 
massive distance from Earth it appears incredibly dim when viewed, a factor that led 
to itnpt being recognised as a planet until 1781 by astronomer William Herschel. # 











Upper 





atmosphere, 
cloud tops 
Core 
Made up of 
I eaten sigs) Oeste rock and ice 
Uranus's blue colour is caused by the absorption of Uranus's 11 rings are tilted on their side when 
the incoming sunlight’s red wavelengths by viewed from Earth and they extend out from 
methane-ice clouds. The action of the ultraviolet 12,500 to 25,600km from the planet. They are 
sunlight on the methane produces haze particles, widely separated and incredibly narrow too, 
and these hide the lower atmosphere, giving the meaning that the system has more gap than ring. 
planet its calm appearance. However, beneath this All but the inner and outer rings are between lkm 
calm facade the planet is constantly changing with and 13km wide, and all are less than 15km in height. 
huge ammonia and water clouds carried around The rings consist of a mixture of dust particles, 
the planet by its high winds (up to 560mph) and rocks and charcoal-dark pieces of carbon-rich il 
St atoWe)-lalclMoH ce) he]t (0am Ole- lal UloMralel[=]ccxcMW are] a [1 aa(c) material. The Kuiper Airborne Observatory 
heat it absorbs from the Sun and has an unusually discovered the first five of Uranus’s rings in 1977. | resi @ 
cold core. 


Oberon 
The first Uranian moon 
to be discovered. 


Uranus 


A cross-section of 
the blue planet 















Umbriel 

The darkest of the major 
moons, reflecting only 
16 per cent of light. 






Titania 
Uranus’ largest moon appears 
grey with an icy surface. 













Ariel 
The brightest and with 

the youngest surface of 
the major moons. 


yi 


Miranda 
Features a scarred, 
piecemeal structure. 


© DK Images 





Sizes... 


Uranus’ diameter is 
nearly five times that 
of Earth, with a mass 
that’s equivalent to 14 
and a half Earths. 


Old man 


Uranus is named after the 
Greek deity of the same name 
who, in Greek mythology, was 
Zeus's grandfather and the 
father of Cronus. 


Atmosphere 
Consists of 

hydrogen, helium 
and other gasses 


Mantle 

A large layer of 
water, methane 
and ammonia ices 


Passing wind 
Uranus is one of the solar 
system’s most windy planets, 
with speeds that can reach up 
to a monumental 250 metres 
per second. 


12,756.3km 


Bonus 


Upon discovering Uranus, 
William Herschel was gifted an 
annual stipend of £200 by King 
George Ill, on the condition he 
moved to Windsor. 


51,118km 


Miranda 


The smallest and innermost of Uranus’s 
five major moons, Miranda is like no 
other moon in our solar system 


When the Voyager 2 passed by Uranus in 1986 it not only observed the 
planet but also many ofits moons, coming close to its innermost 
Miranda ata distance of 32,000km. However, the images it recorded 
were not what were expected as on closer inspection it showed the 
satellite’s surface consisted ofa series of incongruous surface features 
that seemed to have been crushed together and butted up unnaturally. 
Miranda was an ancient terrain that seemed to have been constructed 
from various smaller segments from different time periods, instead of 
forming as one distinct whole at one time. Scientists have 
theorised that this was probably caused by a 
catastrophic collision in the moon’s past that caused it 
to shatter into various pieces before then being 
reassembled in this disjointed way. 


Elementary Lone ranger 


The only space probe to 
examine Uranus to date was 
the Voyager 2 in 1986, when it 
passed with 82,000km of the 
planet’s cloud-tops. 


The element uranium was 
named in dedication to the 
discovery of Uranus eight 
years prior to the element’s 
discovery in 1789. 







































Verona Rupes 
Found on Uranus’ moon Miranda, this cliff face is 

estimated to be ten kilometres deep, almost ten times 
the depth of the Grand Canyon. This makes it the tallest J 
known cliff in the entire solar system. 


——— 


Cela ig 


Uranus takes 84 Earth years to complete a single orbit around the 
Sun, through which it is permanently tilted on its side by 98° - a 


factor probably caused by a planetary-sized collision while it 
was still young. Due to its sideways positioning each of 
the planet’s poles points to the Sun for 21 years at a 
time, meaning that while one pole will receive 
continuous sunlight, the other will receive 

continuous darkness. The strength of the sunlight 

that Uranus receives on its orbit is 0.25 per cent 

of that which is received on Earth. There is a 
difference of 186 million kilometres between 

Uranus's aphelion (furthest point on an orbit 

from the Sun) and perihelion (closest point on 

an orbit from the Sun). 


3. Structure 

Uranus consists of three distinct sections, an 
atmosphere of hydrogen, helium and other 
feel MAAC eNO Mel CcLPRA CL UATenoa=l are] 
ammonia ices, and a small core consisting of 
rock and ice. Electric currents within its icy 
layer are postulated by astronomers to 
generate Uranus’s magnetic field, which is 
offset by 58.6° from the planet's spin axis. Its 
large layers of gaseous hydrogen and 
constantly shifting methane and ammonia 
ices account for the planet's low mass 

Core) nn)oy=1¢<(eR CoN eRVe) Unto 








Images courtesy of NASA 
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Viercu 


_Compared to the other planets, we know _ 
‘relatively littleabout the smallest - 
planet in our solar System. es, 


a eT we've been aay Mercury from 
Earth for thousands of years, its close proximity to 
the Sun- abouf58 million kilometres, on average - 
* has made it difficult for astronomers to learn 
much aboutthe planet. The Hubble Space Telescope 
cannot Observe it, because'turning that close fowards 
the Sun,would damage the telescope’s instruments. 
Most of what we know came frgm the ne . 
Mariner 10 space probe's fly-by. 

With the naked eye, Mercury can only be 
Rrra ELas EVI RO US a depgnding (oyou dels 
time of year (unless there is a solar eclipse). 
This is due to the Sun’s glaresMercury can 
also beseenas'a small black spot 
moving across the Sun at intervals of 
seven, 13. and 33 years. This is known as 

‘a transit of Mercury across the Sun 
and occurs when the planet comes 
between the Earth and the Sun. 

Mercury has the shortest year 
of any planet at 88 Earth days. It 
also orbits around the Sun faster 
than any other planet, which is 
why it was named after the speedy 
Roman messenger god. Conversely, 
Mercury has the longest day of any 
planet due to its slow rotation. 

Because it revolves so quickly 

around the Sun, yet only rotates on 

its axis once every 59 Earth days, 

fd otcabenCcmeaancsseRe tele iocne a 

Mercury lasts 176 Earth days. Mercury 

also has the most eccentric, or 
stretched-out, elliptical orbit. Like our \ 
Moon, Mercury can be observed going 

through apparent changes inits shape 

and size called phases. # 


Atmosphere 


Mercury hasavery thin, almost airless atmosphere. 
At one time it was believed that the planet didn’t have 
an atmosphere atall, but it does contain small 











concentrations of the gases helium, hydrogen and oxygen 

as wellas calcium, potassium and sodium. Because of 

Mercury's size, it does not havea strong enough gravitational pull 
to keep astable atmosphere. It is constantly being lost and 
replenished via solar wind, impacts and radioactive decay of 
elements in the crust. 
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Inside 
Mercury 


A cross-section of 
the smallest planet in 
our solar system 








Heavily cratered surface 
Although telescopes had 
revealed that Mercury looked 
much like our moon, the nearly 
10,000 images recorded by 


Mariner 10 confirmed that it 
had a heavily cratered surface. 


Lobate scarps 


Mariner 10's images showed 
that Mercury was also 
covered in curved cliffs called 
lobate scarps, which formed 
when the planet’s core cooled 
and shrank. 


Ultraviolet radiation 


Mariner 10 recorded large 
amounts of ultraviolet 
radiation near Mercury. It was 
eventually determined to 
come from a nearby star 
called 31 Crateris. 


Magnetic field 


The Mariner 10 space 

probe's instruments 

picked up a magnetic field 

on Mercury, which is 

rather similar to Earth’s 
ield. 


Exosphere 


Mercury has an atmosphere 
like the exosphere on Earth - 
the upper layer of our planet’s 
atmosphere. Its lightness and 
low density allows molecules 
to escape into space. 





Moon-like surface 


The surface of Mercury looks much like plains. The smooth plains were likely 

the surface of our moon. The largestcrater formed by lava flows, while inter-cfater 

on Mercury is the Caloris Basin at 1,300 plains may have been formed by lava or by 
kilometres across. The impact causedlava impacts. The most unusual features are 
eruptions and shockwaves that formed the wrinkles and folds across its plains 
hills and furrows around the basin. and craters, caused by the cooling and 

WES Celta Seat Lady) eS alt ints elosney i contraction of the planet's core. 


Terrestrial planet 


Like Earth, Mercury isa rocky planet. It comprises about 70 per cent metal 
and 30 per cent silicate materials. Because Mercury is so dense - almost as 
dense as Earth, although it’s much smaller - it probably has avery large, 
iron-rich core. Scientists believe that Mercury's core makes up almost half 
of the planet's total volume and three-fourths ofits total radius. Italso 
contains more molten iron than any other major planet in the solarsystem. 
The core is estimated to have a radius of about 1,800 kilometres, witha 
mantle about 600 kilometres thick and a crust about 300 kilometres thick. 
There area few potential explanations for this large core. Mercury may 
have hada more substantial crust and mantle that were stripped away by 
high temperatures and solar wind from the Sun, or it could have been hit 
by astill-forming planet called a planetesimal. 


4..Shockwaves 
Impactswith large meteorites actually send 
shockwaves through the core of the planet 

and around its perimeter. » 


1. Meteorite impact 
cet W ANCL Locals ier AVAALL 
with comets and meteorites: 
The large$t of these impacts 
have effects across the planet. 


a : y 





AE O e129 
sola Molg= 1K] k 
relatively shallow 

and narrow, but 
impacts with 
meteorites leave 
large craters. 


5. Uplifted crust 

The shockwaves force the rocky mantle 
to buckle upwards through the crust, 
forming mountains. 


3. Ejecta 

Impacts force debris high into the air on 
Mercury. Falling debris settles around the 
crater, creating an ejecta blanket. 


lok Sats ited aOR sl clag 


Sizes... 





a tf 
SS Mercury's diameter is two-fifths 
- that of the Earth, and its mass is 
at slightly less than Earth's. 
Mantle 
A rocky mantle, 


much like Earth's. SEE? Caloris (eyelets 


Mercury has several mountains known as montes, 

the tallest and,largest of which are the Caloris 

Core Montes. This is a series of circular mountain ranges up 
nm huge iron core to three kilometres in height located on the rim of the 
sits at the heart huge Caloris Basin. The Caloris Montes are massifs, 
of the Perna formed when Mercury's crust flexed and fractured due 
to impact. 


a ay 


4,879km 





The transit of Mercury 
Every seven, 13 and 33 years, 
Mercury can be seen as a black 
spot moving across the Sun. 


SUA fe Re) cua) 


<——_——————_ Temperature extremes 


While Mercury has an average surface temperature of around 179°C, 
temperatures on the planet fluctuate wildly depending on the location on 
the planet, the time.of day and how close it is to the Sun in its orbit. At night, 
surface temperatures can go down to -170°C. During the day, they can reach 
450°C. Some scientists believe that icé may exist under the surface of deep 
craters at Mercury's poles. Here temperatures are below average because 
sunlight cannot penetrate. 
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The largest explosions in the 
solar system explained 


Asolar flare is a sudden, high-energy explosion of 
@. energy that extends out to the Sun’s corona, or 
outermost layer of atmosphere. They are caused by 
a build-up of magnetic energy and occur in areas of 
strong magnetic fields around the equator of the Sun. The 
numberand frequency of solar flares correlates to that of 
sunspots. These temporary dark spots on the surface of the Sun 
mark areas of intense magnetic activity. During the solar cycle, 
the number of sunspots increases and they concentrate near 
the equator. The more sunspots there are, the more solar flares 
iWelaycere tion 
Solar flares happen in three stages, with each stage lasting as 
short as a few seconds or as long asa few hours depending on 
the strength of the flare. During the precursor stage, the energy 
begins to release in the form of lower-wavelength, or soft, x- 
rays. Next, electrons, protons and ions accelerate nearly to the 
speed of light during the impulsive stage. Plasma rapidly heats 
to anywhere from 10 million to as muchas 100 million degrees 
Kelvin during the impulsive phase. A flare not only results ina 
visible flash of light, italso emits radiation across the 
electromagnetic spectrum at other wavelengths. These include 
gamma rays, radio waves and x-rays. The final stage is decay, in 
which soft x-rays are once again the only emissions detected. 
Solar flares are classified ona scale of A, B,C, M or X, with 
each classification being ten times stronger than the previous 
one. Within each letter classification there is alsoa one to nine 
scale; an A2 flare is twice as strong as an A1 flare, for example. 
This depends on their peak x-ray flux measurement as 
determined by the GOES (geostationary operational 
environmental satellite) system. ® 


©NASA 
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“The number and frequency 
of solar flares correlates to 
that of sunspots” 


Effects on Earth 


The occurrence ofa solar flare can have many different 
effects on Earth as wellas on our space explorations. The 
hard x-rays emitted from a flare, as well as bursts of highly 
charged protons called proton storms, can do damage to 
both astronauts and spacecraft. Soft x-rays enter Earth’s 
ionosphere and can disrupt radio communications. 
Ultraviolet radiation and x-rays also cause the outer 
atmosphere to heat up, creating a drag on satellites in low 
Earth orbit and reducing their life span. 

Corona mass ejections (CMEs) often occur along with solar 
flares. These ejections ofa large amount of plasma can 
disturb the Earth’s entire magnetic field, knownasa 
geomagnetic storm. Geomagnetic storms can damage 
satellites in high Earth orbit as well as power grids, leading 
to both communication and power outages. 


04/11/03 X28+ 
This solar flare was observed by 
NASA's GOES satellite system 
and is the strongest solar flare 
recorded to date. It was not 
directed directly at Earth, but 
did cause some radio blackouts. 


02/04/01 X20.0 
This flare was the largest one 
observed for decades until 2003. 
It was observed by the Yohkoh 
spacecraft, which orbited the 
Sun from 1991 to 2001. 


28/10/03 X17.2 
This flare was observed by the 
SOHO (Solar and Heliospheric 
Observatory), a spacecraft 
currently orbiting the Sun. It 
had an associated coronal 
mass ejection. 


4 07/09/05 X17 


This flare blacked out high- 
frequency radio 
communications in both North 
and South America and caused 
numerous problems for air 
traffic controllers. 


06/03/89 X15.0 
This flare caused a geomagnetic 
storm that ultimately knocked 
out power to the entire Canadian 
province of Quebec. 






Magnetic reconnection 
This phenomenon is thought to be 
responsible for solar flares. When 
two opposite magnetic fields are 
brought together, the magnetic 
lines of force in the Sun rearrange 
and energy is released. 





Solar flares @& 
up close 


Each solar flare hasa 
unique structure, and these 
can be quite complex, but 

[i ol-) decked ace BCA else 
structures typical to each. 
Solar flares cannot be 
observed via the naked 
eye (and viewing the Sun 
this way at any time isn’t 
advised), but are 
observed via 
electromagnetic 
emissions recorded 
by telescopes and 
spacecraft. 





























Coronal mass ejection 
Coronal mass ejections (CMEs) are 
powerful ejections of plasma that 
sometimes occur with strong solar 
flares, but can also occur during 
other types of solar activity. 


Loop footpoints 
Footpoints appear during the 
impulsive stage and are areas of 
electromagnetic emission. During the 
flare they appear to move due to the 
changing state of magnetic energy. 


Post-flare loops 
These hot magnetic loops 
ruare ORO MRUaCCeU a r-le Rom tals) 
Sun after a flare and are 
observable as white areas on 
eli arn 
























Ls if O = Largest canyon Largest desert Largest crater Largest lake (on Earth) Largest Lake (not on Earth) 


The largest known canyon in The planet Venus is likely the Mars has the largest impact The largest lake (by surface Titan, one of Saturn’s moons, 


) the solar system is also found solar system’s largest desert, crater of any planet in the area) is either the Caspian is believed to have several 
F, y a TS } on Mars. The Valles Marineris with a mean surface entire solar system, the Sea - often referred to as a large methane lakes, including 
spans about 25 per cent of temperature of 460°C and Borealis Basin, measuring in lake -with 371,000km? or one that is approximately 
WONDERS OF THE ’ Mars's circumference at over less than 0.002 per cent water at approximately 8,500 Lake Michigan-Huron with 100,000km? - not really ideal 
SOLAR SYSTEM 4,000 kilometres long. vapour in its atmosphere. kilometres wide. a total of 117,600km2. for a swim though... 





Olympic-sized 
mountain 


Rising more than 27 
kilometres above the surface, 
Olympus Monsis three times 
the height of Earth’s tallest 
mountain, Mount Everest. It 
is about 550 kilometres wide, 
surrounded atits edges by 
escarpments called Olympus 
Rupes that are about six 
kilometres high. Ifa person 
were to stand on the surface 
of Mars, they would not be 
able to see the top of Olympus 
Mons due to its height, size 
and shallow slope. Olympus 
Mons likely grew to suchan 
impressive height due to 
Mars’s lack of plate tectonics. 
Without a shifting crust, lava 
piled up in one place. Mars’s 
lowsurface gravity, only 
about 40 per cent that of 
Earth’s, also accounts for the 
long lava flows that made 
Olympus Mons so wide. 


Pangboche Crat : uk Hl pe 
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; On Earth, the largest 
Mars has many interesting volcano’s magma chamber collapsed volcano is Mauna Loa, 
features, butnonesostriking andthegroundabove collapsed into it. found in Hawaii. Another 
as Olympus Mons. More lava activity caused additional, shield volcano, Mauna 














Astronomers believe the smaller calderas that overlap the larger Loa stands just ten 
mountain formed fairly recently in the one, creating a caldera complex. kilometres high above 
planet’s geologic history, with the The volcano also has two named aay 
‘youngest’ areas around 2 million years craters; the Karzok Crater is 15.6 
old. This shield volcano hasa shallow kilometres wide and the Pangboche 
slope andis wider thanitistall.Itformed  Crateris10.4 kilometres wide. Olympus 
from very low viscosity lava that flowed Monslies in Tharsis, a bulging volcanic 
over a long period of time. The peak of region on Mars. The area is also home to 
Olympus Mons containsa large caldera, three smaller volcanoes knownas the 
acavity that formedwhentheroofofthe Tharsis Montes. 

ties iui erat heii Sioaltcasesaelslaauipiclanetmiaaiee 
Size comparison of 


Olympus Mons, Everest 
and the island of Hawaii 










\. dwarfs the mountains 


Olympus Mons found on Earth 


Everest 
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Olympus Mons diameter: 550km 








Dye cmernteLO at t= es ae 
Earth-like bodies in i 









our solar SNA} (208) e " ACE nee 
Titan's atmosphere is mostly 


nitrogen, butalso contains 





fo)Ese-tabiaoesperle)ecuaetcveKeroper-laelc-] am 


. satellites, Titamis notonly the cy ; , methane, hydrogen and trace 
largest, but also one of the : a , ; amounts of other 
. méstfascinatingand * . * a ; 5 hydrocarbonsand gases. 

*¢ / 2 F » . 3 % 

mysterious. Itis about 50 per cent o Me. 

larger than Earth’s moon anda few ng Sam SE nh _ ion Crist 

,hundred kilometres larger than the ‘ . PR ee . This layer comprisesicelh,a 

planet Mercury? but Titan is often ate Se i _ hexagonal form oficewitha 
compared to Earth. It has clouds ‘ we tea en IN __ very low density. Itis thought 


in its atmosphere that produce be floating on the surface of 


rain, which has resulted in 
large lakes at the poles. Stable 


bodies of water like these do ceed Lek . re me Cate At Weak : Water and 
not exist anywhere else but rxe ‘Fare. aE Sa ane 1 Rig : ~ ammonia layer 
Earth. Titan also has Pes Noma “facia mee i» ee oD \ > The Hugyens probe 
predictable wind patterns, as ~. ARS: ag - . ; detected extremely low- 
well as volcanoes and aa iE Se ae 2d eka ame ae ae) frequency radio waves 
evidence of plate tectonics. a iy fers y 3 See 7 ELE ei Kei yiecied. 
WV elasr-p oy delacscacp eAAUcea NOOB Le e . ; ; Thee ee 
alandscape dotted with ~~ # Pei : thewaterasaliquidevenat 
mountain ranges, dunes, . OG Ses jhe RENE | low temperatures. 
valleys and shorelines. ~ 

Scientists often call Titan s 
‘early Earth’ because they High-pressure 
believe that its atmosphere and Ice layer 
surface -which is mostly free of ‘i cecal 
impact craters - are similar to our ae ty a. its formation probably 
planet around the time that life i created high-pressure 
began. However, Titan only gets forms of ice with tight 
about one per cent of the sunlight y crystalline structures. 
that Earth gets, thanks to its thick, 7 ss en | 
hazy atmosphere mostly made of Inside Titan ——- — Silicate core 
nitrogen. Because ofits distance from the Titan’s internal structure s Titan's core is thought to 
Sun andits thick atmosphere, just about is thought to be mostly ice; ; ee oe 
everything related to the moon is very frigid. scientists believe that it ieee eee 
Titan's average surface temperature is -179°C. hasa rocky core (which 
Titan’s rain is called a “methane drizzle”, andits could be hot) surrounded 


lakes are composed not of water, but of liquid bya high-pressure form of 
methane and ethane. Even Titan’s volcanoes are ice, a liquidammoniaand 
cold; instead of scorching lava made of liquid rock, it water layeranda 

is believed that these ‘cryovolcanoes’ spew crystalline icy crust. 


ammonia and water-ice. # 
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Orbit and rotation 


Titan both rotates and orbits 
Saturn once every 15 days and 
22 hours. It is also synchronous 
with Saturn, meaning that the 


same side of the moon always 
faces the planet. 


Life on the moon? 


There is speculation that Titan 
could support life, based ona 
lack of the organic compound 
acetylene and lower levels of 
hydrogen than some have 
previously predicted. 


Observing Titan 


Titan can be very difficult 
to see from telescopes on 
Earth because it is so close 
to Saturn and its countless 
number of rings, which are 
extremely bright. 


Titan as a colony 


Titan has been considered as 
a candidate for colonisation. 
This is due to its high levels of 
hydrocarbons, which are far 
beyond all of the oil and 
natural gas reserves on Earth. 


Flying on the moon 


Scientists believe that 
people could theoretically 
fly on Titan with wings 
attached to their arms due 
to the low gravity and the 
thick atmospheric haze. 





Titan hasa multi-layered atmosphere with very low 
temperatures and high pressure at its surface. Methane 
condenses, while surface activity such as volcanic 
eruptions and rain keep atmospheric gases circulating 


Orange haze 


Other moonsinoursolarsystem centhydrogenas wellas traces 
have little-to-no atmosphere, of numerous other 
but Titan is unique. Its hydrocarbons and gases. 
atmosphere is quite dense - the Both the atmosphere’s 
atmospheric pressure is almost orange-brown colour and thick 
» oneandahalftimes that of haze are likely due to organic 
Earth’s. Itis also very thick due molecules such as tholins, 
to the moon’s low gravity (lower which form when ultraviolet 
even than our own moon's radiation from the Sun breaks 
gravity), extending ten times apart the nitrogen and methane 
further into space than Earth's inthe moon’s upper ° 
atmosphere. Titan’s atmosphere @ atmosphere. The molecules that 
| ” has multiple layers and is do not hangin the atmosphere 
extremely complex, comprising fall down to the surface, 
deer: Lebo sche 8 ol) aed oL@ ev la dese eee) contributing to the sand dunes 
per cent methane and 0.2 per that cover the planet. 





‘ Wy , *» J 
- Methane rain ~ - 
. «+ 
ae? . Titan has rain like Earth, but it is made of methane instead of 
i , water, Scientists believe that the Sun should have converted all « 
Se ee! y ? ym NTE atmospheric methane into tholinsand other organic 
: » *. molecules millions ofyears ago. This means that there isa 
. a source of methane onthe moonitself, and itis likely circulated 
e . back into the atmosphere through volcanic eruptions. e 
» Thethick,dense atmosphere and low gravity means that the 
_ methane rain falls very slowly and in drops twice as large as 
5 rn . _ raindropson Earth, mostly near the moon’s poles. It doesn’t 
. Se" rain very often on Titan - perhaps as little as once every few 
. decades. When it does rain, however, there’s a lot of it and it 
carves out ridges, dunes and valleys. 
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Temperature, K 


© NASA/ Mark A. Garlick / markgarlick.com 


Missions to Titan 


The Cassini-Huygens Mission wasa joint Ajoint NASA/ESA mission called the Titan 
project of NASA, the ESAandthelItalianSpace § Saturn System Mission (TSSM) has been 
Agency. After several fly-bys of Titan, the proposed to launch as early as 2018. This 
Huygens probe landed on Titan’s surface in mission would explore Saturn as well as Titan 
y 2005 and transmitted images and data back and another of Saturn's moons, Enceladus. It 
to the Cassini spacecraft. The probe provided includes deploying two different types of 
the most in-depth look at Titan ever seen, probes on Titan: a montgolfiére (or hot-air 
including information about the moon’s balloon) anda lander. The montgolfiére 
atmospheric make-up, weather and would circulate in Titan’s clouds and 
landscape. Its landing site showed a vast circumnavigate the moon, while the lander 
plain covered in water-ice rocks. would splashdown in one of Titan’s lakes. 
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“50 moons to date 
gre known to orbit 
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When Galileo Galilei discovered 
©@. Jupiter in 1610, itis doubtful that 
he was aware of the impact this 

=? giant planet had onthe 
surrounding solar system. From altering the 
evolution of Mars to preventing the 
formation ofa ninth planet, the size and 
mass of Jupiter has seen it exert an influence 
on its neighbours second only to the Sun. 

Jupiter’s mass and composition almost 
more closely resemble a star than a planet, 
and in fact if it was 80 times more massive it 
would be classified as the former. It can 
virtually be regarded as being the centre of 
its own miniature solar system; 50 moons to 
date are known to orbit the gas giant, with 
the four largest (Io, Europa, Ganymede and 
Callisto, the Galilean satellites) each 
surpassing Pluto in size. 

The comparison of Jupiter to astar owes a 
lot to the fact that it is composed almost 
entirely of gas. It has a large number of 
ammonia-based clouds floating above water 
vapour, with strong east-west winds in the 
upper atmosphere pulling these climate 
features into dark and light stripes. The 
majority of its atmosphere, however, is made 
up of hydrogen and helium. 

The strength of Jupiter’s gravity is such 
that it is held responsible for much of the 
development of nearby celestial bodies. The 
gravitational force of the gas giant is believed 
to have stunted the growth of Mars, 
consuming material that would have 
contributed to its size. Italso prevented a 
new planet forming between these two and 
instead gave rise to the asteroid belt. 

Much of our knowledge of Jupiter comes 
from seven spacecraft missions to visit the 
planet, starting with NASA‘s Pioneer 10 in 
1973. The only man-made object to orbit the 
planet is the Galileo spacecraft, which 
studied the planet from 1995 until 2003, when 
it was sent crashing into Jupiter so as not to 
contaminate its moons with the debris. 


NASA‘s Jupiter orbiter Juno launched on 
its five-year journey in 2011 


< 
q 
= 
= 
Q 
3 
Ey 
I 
pet 
= 
















































Jupiter's diameter is 11 times that of 
Earth, and 318 times the mass 
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f ~ y Magnetic field 
ul | * ls S WUoteDurter-antln (onto ReMi ey Cae PxeKelele) 
times stronger than Earth’s, 


anatomy containing a huge number of charged 


particles that contribute to giant — tn Ere 
auroras atits northand south poles. een ee a) ae 
F pw ore 
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Metallic hydrogen 
PWi i cokaeca eer lehisecitas 
can be found hydrogen gas that 
has been compressed intoa 

bite tcViUCcveteRsl(cramalecvi\g 















conducting liquid. Ce 

Magnetosphere 
Atmosphere The tail ofJupiter’s 
The large majority of the magnetosphere (the 


atmosphere is composed of 
hydrogen and helium gas, 
directly observed by the Galileo 
space probe that pierced its 
atmosphere in 1995. 


influence of its magnetic 
field) stretches more 
than1 billion kilometres 
(600 million miles) away 
bacevatmdstcpot reel aCona els 
(yee ime) derlautae 



















Molecular 
hydrogen 


























Core 
y Nanuet iteicany 
an Earth-sized rock, 
although this has not 
Lolooike bh aha 
observed as itis 
almost impossible to 
see through the thick 
atmosphere. 






Ring structure 
The rings consist ofa main, flat ring 
andan inner cloud-like ring, knownas 
ahalo, with both made from small, 
dark particles kicked up by meteorites 
hitting Jupiter's moons. 


” 
tS photograph ofJupiter, with the Red 
Spot visible at the centre, was taken by 
NASA's Voyager 2 on 29 June 1979, as it 
flew pastata distance of almost 
g million kilometres (6 million mile 





Aurora 
Anintense radiation 
belt of electrons and 
ionsare trapped by 
Jupiter’s magnetic field, 
influencing Jupiter's 
PabevecreraleB its 
surrounding moons. 


Rings 
NASA‘s deep-space Voyager 1spacecraft surprised Th e Gi re at 
astronomers in1979 when it found rings encircling 
Siloam Melcdeer-ceTeLon au tole coronary lua R e d S p ot 


One of Jupiter’s most iconic features is the 
Great Red Spot, astorm more than twice the 
size of Earth that has been raging for 
hundreds of years. The redness is believed to 
be the result of compounds being brought up 
from deeper inside Jupiter, which turn brown 
and red upon exposure to the Sun. Although 
once highly elliptical in shape, it has become 
squashed in recent years for unknown 

a reasons and is expected to become circular 
La other the next few decades, although this 
anti-cyclonic storm shows no sign of dying out 
any time soon. 







Jupiter's faint ring system was the third 
to be discovered in the solar system 
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in temperature olghagl=B-10] 5 (ela 
drops to -162°C at the equator and . °° 
possibly -220°C at the poles". - * 


oJ . 
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Our mes chance of finding life is 
possibly on this moon ofJupiter  ° 


" a One of Jupiter's four largest moons - the others being Io, 
i Ganymede and Callisto - Europa is notable for its icy surface 
witha theorised ocean underneath. The moonsall keep the * 
5 ™ same face towards Jupiter as they orbit. The layer ofice that 
encapsulates Europa’s entire surface is as little as 5-100 miles thick. 
It has one of the smoothest surfaces in the solar system, with its 
features such as valleys and hills no larger or deeper than a few 
hundred metres. This suggests it is youngand still actively » , 
* forming like Earth. ‘ 
Most of Europa is made of rock, although its core has a large 
iron content. Gravitational forces from Jupiter and its other 
o three largest moons have given Europaa hot interiorina * 
jeycelucrrp lesley een tone (eld Belcrclmberemess tere CDmmop aCe niaule(oct- bec 
’ created on Earth as our moon stretches and pulls the 
oceans. Europa has avery thin atmosphere made ofjust . 
oxygen created by particles emitted from the radiation of 
Jupiter striking the surface and producing water vapour. 
Due to there beingalmostnoatmosphereonEuropa, * 
which is not much smaller than our moon, the 
temperature on the surface drops to -162°C at the equator 
. and possibly as lowas -220°C at the poles. Absolute zero 
Deere (eee OU Mewar Cocke) seb rel O nam 
® Europa’s ocean, the temperature could still be as coldas” 
SMC EDU eee tL em OmpuiTercbeDberMUetcLecb NVM LU CCR (ONC B UAV) 
to adapt to these freezing temperatures. 

The large amount of radiation Jupiter exertscan * 
severely damage any probe attempting to reach Europa. 
One of the only missions to study the moon was the 
Galileo space probe, named after the astronomer Galileo 
who discovered Jupiter's four largest moons in one week in 
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] 1610. It journeyed between Jupiter and its moons from1995 * 
i] to 2003, providing much of the information we know about 
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spacecraft, shows Europa casting 
ashaddw on Jupiter 


the core 


feta) ett : 

The core ofEuropa is made : Ae . 

Co}aritcatleryercreni (ec Nanceyey By 

Evale bel eco ee . “2 
‘ > me , he ; * 

. - = . 4 : ° 
" a . : 4 ¢ . 
5 Pie he q 
“id . 7 M4 . 
fi a 














piscovery LOLO Mier 3.55 days fromurrer © /0,900km 
Ayia ae; 122km at aa ew Lays second 


Ps 5 a: - A im 
Visible cracks suggest ‘ 
there iswater beneath 


Life on Europa eat benent 


The lack of impact craters on the surface of Europa but the : ee A 4 s 
presence of fissures and cracks means that something other than ’ fei ; : 
meteorites must be fracturing and altering the ice. This has led ‘ : cea 9 is ; oy 
scientists to believe there is an ocean of water beneath the icy Bee f 
surface of Europa. It is in this ocean where life could reside. 
Previously, it was thought animals required sunlight to live, but 
the discovery of creatures living off small bacteria at the bottom of . ; teh Aye 

Earth’s oceans have raised the possibility thatanimalsaslarge § tee tls . a 3 Fd ® 

as fish could be living below Europa’s surface. There are . a 
two main theories as to how Europa’s ocean could ay, a . 
look, shown in the ‘Under the surface’ boxout. ; : : : ys 
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os » Europa, known and may let out 
bs "| — as“chaos”, may water vapour 
be the result of asitis heated 
bs heating under * from below. 
Taetsd (oom 7 
Ocean , 
Water in liquid 5 q 
orice form is fed 
heat by the = Volcanoes |» 
Oe nety Rising heat HUndeeKo atts 
harbour life. W Mite ote le eis ocean may 
” up through the contain 
oxygenated volcanoes, which 
water, inwhich ' spurt out hot gas 
oyestevevtsuetsy - * from the core of 
could live. : - La atcb ui loley em 
. | Thick tce’sheet 
Earth-like rock Ic tS) Ss = ; 
Ashell of rock an S . 
A surrounds the core, Tides Jupiter 
7 7 much like on Earth. Additional heat Europa’s ecliptic 
r i . is created by yayimeaiteyiCog 
: tidal heating, Peony eh elena elexes ibid 
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Ny a quarter of Earth's NY Ceo tare) 
with a mass equal to ee . - Ma vetted (sctaeeyt | 
0.008 of Earth's. A (00) c=) move the lower ice 
‘ Ifthe ice shellis layerlikea 
very thick, heat tectonic plate and 
from the core be the cause of the 
willtransfer to lines on Europa’s 
this lower surface, rather 
portion of the ivetcreetenye) ii 
0 P F icy surface. volcanic heat. 
»3,122km . = 
rot i f ‘ ele) 





















How do you 
weigh planets? 
Itseems like an impossible 
task, but how can scientists 
use an orbiting moon to work 
out the weight ofa planet? 


Newton’s Law of Gravitation states that every planetary 
body hasits own gravitational field that pulls on nearby 
objects—such as moons or spacecraft - with a force 
proportional to its mass and inversely proportional to the 
square of the distance between the two objects. Newton 
also discovered that an object-a moon, for instance - will 
move ata constant speed and ina straight line unless 
acted upon bya force suchas gravity that will keep the 
moon in orbit. 

By observing the effect ofa planet's gravitational 
attraction on an orbiting moon, scientists can measure the 
planet's mass. The gravitational attraction between the 
moon and the planet depends on their mass and the 
distance between their centres. The heavier the planet, 
the stronger its attraction to the moon and the faster the 
moon will travel. Measuring the distance from the planet 
to the moonand calculating how long it takes to orbit 
enables astronomers to calculate the weight ofa planet. 
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“Objects in space emit radiation 
ocross the EM spectrum” 
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How hot is it on 
other worlds? 


How infrared telescopes enable us 
to ‘see’ the temperatures of planets 
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Mercury 


Pale cotesetatcey ne voRS onan 
the white-hot heat of the equator 





Heat energy is emitted by all objects, including 
planets. The hotter the planet, the more radiation it 
gives off. Objects in space emit radiation across the 
” electromagnetic (EM) spectrum - really hot objects, 
like stars and galaxies for instance, emit much of their energy 
in the visible, ultraviolet and x-ray range of the EM spectrum. 
However, celestial objects - such as planets and moons in 
particular - emit (or glow with) infrared radiation, which is 
outside the visible wavelength range. This means we cannot 
see this infrared light with our own eyes; we can only detect Earth 
the visible light coming from the object. However, just because 
infrared rays are invisible, it doesn’t mean they're not there. 
Astronomers have put devices - such as the Spitzer Space 
Telescope - into orbit that collect and focus the infrared Mars 
information from distant planets and display itas light we can 
see. The hotter the planet, the brighter the infrared light 
information it will produce. Ifyou could see in infrared you 
would be able to ‘see’ variations in temperature across the 


surface ofa planet. 
ee *-—-=Jupiter 


Saturn 
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Mysterious 
Temperatures 
on Mimas 
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Pluto 


The infrared information ofSaturn’s moon Mimas here was collected Y 
byacomposite infrared spectrometer (CIRS) on the Cassini spacecraft > 
on13 February 2010 
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The Oort Cloud 


The home of comets 


® The Oort Cloud isa giant 


. 


sphere oficy cometary nuclei 
that surrounds our solar 
SATCU eM Lap eetD enone nen 
distance is1.9 light years away from the 
Sun, whichis as far as the Sun’s 
gravitational influence extends. 

In1950, Dutch astronomer Jan Oort 
developed the concept of this cloud as 





~ 


the origin of comets. It was created 
during the formation of the solar system, 
when planetesimal bodies gathered to 
form planets or moons. The gravitational 
influence of Uranus and Neptune sent 
some of these planetesimals outwards to 
form the Oort Cloud. 

Over time the gravitational effects of 
the Sun, planets in the solar system and 


The Oort Cloud’s 


population 


1. Elliptical plane 
This is where the Oort 
Cloud is most dense. 





even nearby stars have caused objects 
to actually leave the Oort Cloud. They 
then either turn up in the form of comets 
in the inner solar system, or they are 
sent completely out of our system’s 
influence altogether. Just as objects are 
lost from the cloud, new ones from 
outside the solar system can also be 
attracted into it. # 


2. Long period comets 
These can take thousands of years to 
orbit the Sun. Their orbits do not 
conform to the ecliptic plane and they 
can travel round the Sun in a clockwise 
or anticlockwise direction. 





3. Transformation 

Over time the influence of gravity can 
cause long period comets to become 
short period comets. Halley’s Comet is 
thought to have originated from the Oort 
Cloud as a long period comet. 


4. Short period comet 
These orbit in the same direction as 
the planets on the ecliptic plane. 
Their orbit is relatively short, such as 
FC aeR olan em eRe) CW (oR =r] -) 
to orbit the Sun. 


ene) © to 2 trillion Comets max.orer*l million is 





Sedna 


Evidence of the Oort 
Cloud's existence is 
supported by the 
discovery on 14 November 
2003 of the furthest object 
inthesolar system. 
Named Sedna, itis 
currently 13 billion 
kilometres away from 
Earth. Its highly elliptical 
orbit around the Sun 
takes 11,250 years and toa 
maximum distance of 130 
billion kilometres. 

Sedna hasa diameter 
of between 1,180 to 1,800 
kilometres, making it 
larger than anasteroid 
but smaller thana planet. 
Itis the second reddest 
objectin the solarsystem 
after Mars, and its surface 
temperature isa very cold 
-240° Celsius. 

Asticking point is that 
itis much closer than the 
predicted position of the 
Oort Cloud. One 
suggestion is that millions 
ofyears ago a rogue star 
passed by, causing 
comets and bodies like 
Sedna to form aninner 
Oort Cloud. 
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Wave-like struc! in 
the clouds can beseen’ x 
in Saturn’s atmosp! < 





Satur 


Only Jupiter is larger than this gas 





giant, best known forits ring system 


We've been viewing Saturn with 
©@. the naked eye since prehistoric 

times, but the planet’s most 

unique feature - its ring system - 
wasn’t discovered until 1610. Each ring 
contains billions of chunks of dust and water- 
ice. Saturn has about 14 major ring divisions, 
but there are also satellites and other 
structures within some of the rings and gaps. 
Nc LAUGeMcBabelstce-Dacmolelb ca /cLeM Kop eteLUcmueyentpoceyttl 
the remains of moons, comets or other bodies 
that broke up in the planet’s atmosphere. 

The rings aren’t the only fascinating thing 
about Saturn, however. This gas giant is less 
dense than any other planet in our solar 
system and hasa mostly fluid structure. It 
radiates a massive amount of energy, thought 
to be the result of slow gravitational 


Rings in view 


compression. Saturn takes.about 291/2 years to 
revolve around the Sun, and its rotation isa 
bit more complex - different probes have 
estimated different times, the latest estimate 
is ten hours, 32 minutes and 35 seconds. The 
variations probably have something to do 
with irregularities in the planet's radio 
waves, due to the similarities between its 
baatetaaCclu(er- Dec bee BLD eOleclu(OUC TED aie 

Saturn has a coldatmosphere comprising 
layered clouds of both water-ice and 
ammonia-ice. It also has winds of up to 1,800 
kilometres per second. Occasionally Saturn 
has storms on its surface, similar to those of 
Jupiter. One such storm is the Great White 
NS) ool MEDUSA ce COST B bem Aetcme)tbeCmp ele as Elan 
hemisphere that has been observed about 
CVA ayer latreHVeRV cee ST Ccb ty om 
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“Each ring contains billions of chunks 
of dust and water-ice” 


Inside Saturn 


Saturn is believed to havea small rocky core, witha 
temperature of more than 11,000°C. It is surrounded bya layer 
of gases and water, followed bya metallic liquid hydrogen 
and a viscous layer of liquid helium and hydrogen. 
Near the surface, the hydrogen and helium 


become gaseous. Saturn si ; 
has no solid surface. 


Inner layer 
This thickest layer 





oth hemispheres are 
visible with the rings 


at 





Saturn takes 2912 years to orbit the Sun, andit hasan 
elliptical orbit like most planets. The closest Saturn 

comes to the Sun is 1.35 billion kilometres, while at its 
furthest, Saturn is1.5 billion kilometres away. Saturn 


North pole tilt 
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aring as a thin line. 





has a tilt of 26.7 degrees relative to the orbital plane. 
During half ofits orbital period, the northern 










Be 
hemisphere is facing the Sun, while the southern Ng Te 
hemisphere faces the Sun during the other half. ee a 
When viewing Saturn from Earth, this impacts Orbit _ a South pole tilt 


whether we can see the rings full-on or asa thin line. Bee sea Te} 


from Earth with the rings above. 


Saturn has an elliptical 
Ce emake Re 





066 





Discovering the rings 

Galileo thought that he was seeing moons orbiting Saturn instead of rings 
because his telescope was not powerful enough. Astronomer Christiaan 
Huygens observed the rings in 1655, but thought they were a single ring. 





Extreme bulge 


Saturn isan extreme example ofan 
oblate spheroid - the difference between 
the radius of the planet at its poles and at 
its circumference is about ten per cent. 
Thisis due to its very short rotational 
period of just over ten hours. 


Cassini probe 

The first spacecraft to ever orbit Saturn, 

the Cassini probe has provided incredible 
I Pra tatenc sl 5 images of the planet and its ring ar 
aT) inner core is likely . 
very small and contains 
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Jupiter’s core. 
Ifwe had a big enough pond, we could float Saturn on its surface. Although 
Saturn is the second-largest planet as well as the second-most massive, it’s x 
the least-dense planet in our solar system. Its density is just 0.687 grams per 
cubic centimetre, about one-tenth as dense as our planet and two-thirds as 
dense as water. P 


Outer core 
Saturn’s outer core is 
much thicker than its 
inner core, containing 
metallic liquid hydrogen. 


Anartist’s impression of 
Saturn’s ring particles 
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“With the arrival of the New Horizons 
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- Sunthan Neptune, as was the case from 
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Piuto 


The elusive Planet X that became an 
ex-planet and still has many X factors 


SUE loa corey laneivipoccebaccenents 
existence ofa ninth planet in our solar system, 
beyond the orbit of Neptune. Lowell failed to find 

™ Planet Xin his lifetime, but Clyde Tombaugh - using 

the Lowell Observatory in Arizona - confirmed his calculations. 





Surface details 


Using observations by the Hubble Space Telescope, and maps produced 
since the Eighties, it has been found that the surface of Pluto undergoes 
many large variations in brightness and colour. 

From 1994 to 2003, the southern hemisphere darkened, while the 


northern hemisphere got brighter. It has a slightly less red colour than 
Mars, withan orange cast similar to Jupiter’s moon Io. It got redder from 
2000 to 2002, and other colour variations of dark orange, charcoal black 
and white have been observed. These seasonal variations are regarded as 
being due to the orbital eccentricity and axial tilt of Pluto that are 
reflecting topographic features and the flux of the frozen surface of the 
planet with its rarefied atmosphere. 
















Core 

This is about1,700 kilometres in 
diameter. Itis mainly composed 
ofiron-nickel alloyand rock. At 


Shortly after Planet X's discovery back in January 1930 it was if Be 

; ; 4 Y radioactive material or ice. 
named Pluto. In 1978, however, it was determined that Lowell's y 
id olcreyarderctsicre Moyen mel-Dust-tscLeye aller: DeleBlie-ss(cmmcH OOM Op c-beLvicy-vare! 
Neptune were incorrect. Tombaugh’s discovery was justa y Mantel 1 ° 
very lucky coincidence. 7 [eoyritelerrekeyacaale 


Pluto takes a leisurely 248 years to orbit the Sun. Its 
highly elliptical orbit takes itto amaximum of7.4 
billion kilometres from the sun (at aphelion, or 
farthest from the Sun) to as close as 4.5 billion 
kilometres (at perihelion, or closest to the Sun). 
Twice inthis orbit it is actually closer to the 


January 1979 to February 1999. 

All the other planets orbit on the plane of 
the ecliptic, but Pluto’s orbit is atan 
inclination of 17 degrees to this plane. 
Pluto is also unusual because it rotates at 
anangle of 122 degrees to its own axis, in 
aclockwise direction. This retrograde 
motion means itis spinning inan 
opposite direction to its counter- 
clockwise orbit around the Sun. 

So far, even the Hubble Space 
Telescope has only obtained grainy 
pictures ofits surface, and itis not until 
the arrival of the New Horizons 
spacecraft in 2015 that we should know 
more about this small, distant and very 
cold body. # 


Ta re Lets) 
Arocky surface covered by frozen nitrogen, 
methane and carbon monoxide. 


WET k= 74 a 
IfPluto hasahot radioactive core, then there 
could bea180-kilometre thick liquid water 
ocean between the core andthe outer mantel. 


a fas [-meleye irene f a 
Pluto. Ice beneath Pluto's surface might cause ~~ : 
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and waterice. 














Finding Pluto 
Clyde Tombaugh 
systematically photographed 
the sky and checked 1.5 million 
stars recorded by his 


photographic plates before he 
found Pluto. 





The Statistics 


134340 Pluto 





© NASA 


Diameter: 2,320 kilometres 
Mass: 1.3 x 10” kilograms 
Density: 2 grams per cubic 
centimetre 

Niele (ela tos) 
Atari 

-230°C or -382°F (44K) 

Core temperature: Unknown 
Average distance from the 
Sun: 5,913,520,000 kilometres 
(39.5 AU) 

Surface gravity: 0.06/7g 
Moons: 3 












JA Anartist’s 
“| impression ofthe | 
y New Horizons craft 
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Naming Pluto 
Venetia Burney, an 11-year-old 
schoolgirl in Oxford, put 
forward the name Pluto. She 
picked it after the Roman god 
of the underworld. Her reward 
was a £5 note. 


Atmosphere 


When Pluto’s elongated orbit takes.it relatively 
clgse to the Sun, the frozen nitrogen, methane 
and carbon monoxide on its surface sublimates 
into a tenuous gaseous form. This creates winds 
and clouds, but the weak gravitational force of 
Pluto means that it can escape into space and 
interact with its moon, Charon. 

In the process of sublimation an anti- 
greenhouse effect is created, which lowers the 
temperature of Pluto to -230°C against the 
expected -220°C, which is the temperature of 
Charon. In the lower atmosphere, a 
concentration of methane creates a temperature 
inversion that makes the upper atmosphere 
warmer by three to 15 degrees every kilometre 
upwards. On average, the upper atmosphere is 
50°C warmer than thesurface of Pluto. 

When ae on ae lee NEN aiReoTret 
Sun, the gaseous atmosphere freezes and falls 
to the surface» 





Nix and Hydra 


The Hubble Space Telescope 
discovered these moons of 
Pluto in 2005. Nix orbits 
Pluto at a distance of 48,000 
kilometres and Hydra, 
65,000 kilometres. 


An example of the anti- 


greenhouse effect visible on 
MULecDommerclaUl ao kce tebercr-y mun veley a) 
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‘ Pluto’s closest moon is Charon, which was discovered in 1978. It 

is 19,640 kilometres from Pluto, so from Earth they look like one 

planet. Charon has the same 6.4 day rate of rotation as Pluto so 

they always present the same face to each other. On Pluto, the 

surfacéfacing Charon has more methane ice than the opposite 

face, which has more carbon monoxide and nitrogen ice. 

oe Charon has a diameter of 1,210 kilometres, and hasa grey 

: surface witha bluer hue than Pluto. This indicates the surface 
could be covered in water ice rather than nitrogen ice. It is also 
speculated that methane hasleaked froméhe grasp ofits weak 
gravity toPluto. 
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Kuiper Belt 


Pluto is part of a cluster of 
Kuiper Belt Objects (KBOs) 
that orbit beyond Neptune. It 
consists of icy and rocky 
objects that failed to form 


Triton 


It was thought that Pluto was 
a satellite of Neptune. This is 
no longer regarded as 
possible, but Pluto does have 
many characteristics similar 


into planets. 
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to Neptune’s moon, Triton. 


What Is 
a planet? 


Pluto’s status as a planet was 
safe until the Nineties. This 
was when huge ‘hotJupiter’ 
extra-solar planets were 
discovered, and objects were 
observed beyond the orbit of 
Neptune that rivalled the size 
of Pluto. Faced with the 
dilemma of defining a planet 
the International Astronomical 
Union (IAU) decided that it 
must be spherical, that it orbits 
the Sun andis clear ofany 
planetary neighbours. 
Consequently, the [AU 
reclassified Pluto as a dwarf 
planet on the 24 August 2006. 


Animage of Pluto, 
with Charon visible 
to the bottom-left 


Plutoids 


Plutoids, as defined by the IAU, 
are dwarf planets that orbit the 
Sun beyond Neptune, are 
round, have not cleared the 


neighbourhood of other similar 
bodies, and are not satellites of 
another planetary body. There 
could be at least 70 trans- 
Neptunian objects (TNOs) that 
might be plutoids. 

So far only a few have been 
found and named. Besides 
Pluto, Makemake, Haumea and 
Eris have been classified as 
plutoids. Mike Brown and his 
Caltech team at the Palomar 
Observatory discovered them 
allin 2005. Eris is virtually the 
same size as Pluto and might 
have been regarded asa planet 
before the new classification 
system came into effect. 
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Space junk 


Space junk 











The space age junk that pollutes our planet 


} Since the launch of Sputnik I, which was 
the first man-made satellite to orbit the 
Earth in1957,a vast amount of space 
debris has accumulated in its wake. This 
consists of anything from flecks of paint to discarded 
rocket boosters, ‘dead’ satellites that no longer 
function and equipment lost by astronauts during 
space walks. 

The scale of the problem can be grasped by the 
fact that there are estimated to be several hundred 
million items of space junk less than1cm in size, 
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several hundred thousand items between 1cm to 
10cm and at least 19,000 objects larger than 10cm. 
In low Earth orbit (LEO) this junk travels at an 
average speed of 7.5km/s, which is ten times faster 
thana bullet. This means that even the smallest 
objects can damage the subsystems ofa satellite. 
Objects from 1cm to 10cm are part ofa ‘lethal 
population’ because they are big enough to do 
considerable damage to a satellite, but are too small 
to be tracked. Larger debris is tracked and can be 
avoided; in the case of the International Space 


Station, it makes at least one manoeuvre a year to 
divert it from potentially lethal collisions. 

Last year there were 13,000 near misses and by 
2059 it is predicted that there will be as manyas 
50,000. The increased need to use rocket fuel to avoid 
these hazards shortens the life of satellites, and 
increases the cost of launching satellites that need to 
carry extra fuel. 

1,400 items of space junk were created when the 
first ever collision between two satellites occurred 
on 11 February 2009. This was between the Iridium 


©Science Photo Library 


*-Apropellant tank from the 
Delta Il launch vehicle that 
landedin Texas in 1997 


“Last year there 
were 13,000 
near misses 
ond by 2059 It Is 
predicted that 
there will be as 
many as 50,000" 


33 US communications satellite anda 
defunct Kosmos 2251 Russian satellite, 
790km over Northern Siberia. 

Even worse, 150,000 pieces of junk were 
deliberately created when China 
destroyed an inactive Fengyun-1C 
weather satellite with a missile, as part of 
an anti-satellite test. 

Radar systems are used to track LEO 
junk, and telescopes are employed to 
track objects from 2,o00km to 36,o00km 
in medium Earth orbit (MEO) and 
geostationary orbit (GEO) at 36,o00km. 
Telescopes, however, are only capable of 
tracking objects that are 1m or more in 
size. Radio frequency technology can also 
beused to discover ifsatellites are 
operating or not. 

Tracking helps warn of possible 
collisions, but measures that are more 
drastic are being employed, before itis 
impossible to launch manned flights, 
or operate the satellites that provide us 
with TV signals, weather forecasts, 
mobile phone networks and global 
positioning systems. 


What's floatin 
around inthe 
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Lost by Ed White, the first American 
astronaut to take a spacewalk on 3 June 
1965, during the Gemini 4 mission 


Ed White's 
first space walk 


Metallic spherical 
drinking water 
spheres 


Started a UFO scare when they crashed 
in Western Australia in 1965, but were 
identified as coming from the Gemini 
spacecraft 


300,000 
fragments 


Produced when the upper stage ofa 
Pegasus rocket exploded in 1996 


Is there junk on Mars? 

Space junk is littered over Mars. In 2004, NASA deliberately crashed a heat 
shield protecting a Mars rover vehicle into the planet. The rover vehicle 
was then sent to examine the type of impact crater the shield created. 


Tool bag 


Worth $100,000 containing grease guns lost by 
Heide Stefanyshyn-Piper during a shuttle 
spacewalk in 2008. It re-entered the 
atmosphere in August 2009 


A507 


Cameras € 


Lost during the Gemini1o 
anda Discovery space 
shuttle mission in 
December 2006 


200 . 
rubbish 
lyse 


Sacefelb(ecromniselemuetcneleyele 
stage ofa Pegasus rocket 
exploded in1996 


The extravehicular activity 
tool bag floats away from the 
International Space Station 


128kg of nuclear 
reactor coolant 


Leaked from inactive Soviet Radar 
Ocean Reconnaissance Satellites 


480 million 
copper needles 


Launched in 1963 as part of Project West Ford to create an artificial 
ionosphere, it encircled Earth at 3,700km. Most re-entered the 
atmosphere in the Seventies 


Gene Roddenberry 


His ashes were released ina small capsule by 
a Pegasus XL rocket in1997 


Gene Roddenberry and the 
cast of Star Trekattending 
the roll out of the Space 
Shuttle Enterprise in 1976 


4ximages/stary background © NASA 
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GEO 


Geostationary 
orbit 


13% 
Spentrocket 
bodies 


48% 

Fragments caused by the 
break-up and deterioration j 
ofsatellites ‘ 


“In 2001, the Russian Mir space station 
was deliberately made to crash into 
the southern Pacific Ocean” 


LEO 


Lower Earth 


25% 
Satellites no 
longer operating 


14% 
Rubbish and equipment 
ejected bymanned 





spacecraft,andduringthe 


PA en i hme deployment of spacecraft 


Debris in low Earth orbit 


Asnapshot of the junk orbiting Earth 


Objects in low Earth orbit (LEO) are between 160km 
and 2,o0okm above the Earth. Military satellites, 
Earth monitoring satellites and communications 
satellites operate at these orbital altitudes. 

LEO satellites pose a problem because they orbit 
the Earth at least 15 times a day along different 
orbital planes to provide global coverage. This gives 
them more chance of hitting other satellites in 
contrast to those that keep to the elliptical plane of 
the Sun. In addition, they have shorter battery lives 
and are more vulnerable to the gravitational pull of 
the Earth than higher satellites. 

The so-called Kessler Syndrome proposes that as 
collisions multiply they create even greater numbers 
of fragments that will startan unstoppable chain 
reaction of collisions. In this process, the debris will 
increase more than the amount of debris burnt-up by 
orbital decay, and will make the use of low Earth 
orbits impossible. 

Most objects that go beneath LEO, through orbital 
decay or due to a collision, fall back to Earth and 
harmlessly burn-up in the atmosphere. Larger space 
junk is more ofa problem. This was emphasised by 
the accidental crash of Cosmos 954 in January 1978. 
The Soviet reconnaissance satellite carried an 
onboard nuclear reactor, which instead of reaching a 
safe orbit fell over northwest Canada. A huge 
recovery operation found 12 large pieces, ten of 
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which were radioactive and one that carried a lethal 
radiation level of 50or/hr. 

In 2001, the Russian Mir space station was 
deliberately made to crash into the southern Pacific 
Ocean. The re-entry of the 130,o00kg station created a 
spectacular display, and metal fragments from it 
were recovered and sold on eBay. 

So far, such crashes have been in oceans or remote 
parts of the world but certainly, there isa risk ofa 
rogue piece of space junk causing serious damage to 
ahighly populated area. 


MUat-biity (evel nAe ads 
debris floating inspace 
lurks in LEO 








| Soyuz Crew 
- Transfer Vehicles 


fi 


Soyuz craft can transferthe » 
t crew back to Earth. 


| ATV propulsion 
! DockedatZvezdaisanATV 
les whose thrusterscanmove | 





How the 
ISS dodges 
the debris 


Orbiting at 350km in low Earth orbit, the ISS is 
particularly vulnerable to damage from space 
debris. Manned modules and other vulnerable 
areas have been fitted with protective aluminium 
shields - both during and since construction. 

The ISS also carries out Debris Avoidance 
Manoeuvres (DAMs) to dodge space junk or 
micrometeorites. When warned of such dangers, 
the ISS is senta few kilometres higher or lower, 
using a short engine thrust froma docked 
Automated Transfer Vehicle (ATV) or Progress 
spacecraft. The ATV is fitted with an automatic 
system that during docking procedure will abort 
the procedure if it detects any danger from debris. 

Ifany debris comes within 0.75km above or 
below, or within 25km around it that cannot be 
avoided, the ISS is put into unmanned mode and 
the astronauts have to seek protection ina 
spacecraft docked with the station. In 2008 and 
2009, astronauts had to seek refuge in a Soyuz 
craft, due to such warnings. 


“One line of 
defence for 
themanned 
modulesis 
aluminium 
shielding 











In debris emergencies, the 









the ISS to avoid collisions. 


First and oldest 
Vanguard 1, launched by the 
USA back in 1958, is the 
oldest piece of space junk. 
It stopped operating in 
1964, but will continue 
orbiting Earth for 240 years. 


Damages 


Long-term problem 


The length of time junk stays 
in orbit before re-entering the 
atmosphere is only a few days 
when it’s below 200km, but 
increases to a few years 
between 200 and 600km. 


Working 


The 902 operational satellites 
that were orbiting Earth in 
2009 are dwarfed by the vast 
amount of junk debris and 
dead spacecraft that 
surrounds them, 


Lethal 


A 2mm piece of debris can rip 
a lethal hole in an astronaut’s 
spacesuit. The chance of such 
an object hitting an astronaut 
during a six-hour spacewalk is 
31,000 to one. 


Hit 


The chance of being hit by 
space junk on Earth is 20 
billion to one. Unlucky Lottie 
Williams was hit but 
unharmed by a 13cm piece of 
a Delta Il rocket in 1997. 


One idea for ridding'space of 
detritus is using satellites to 
destroy the litter with lasers 


The relative velocity ofa space 
vehicle anda piece of junk can be 
10km/s, making a collision very 
damaging. In the case of manned 
flight, itis even more threatening. 
The US space shuttles often 
encountered debris, causing NASA 
to regularly replace cabin crew 
windows and thermal tiles 
damaged by flecks of paint or 
micrometeorites. 

Amore threatening incident 
happened to the Columbia shuttle 
in1995, when an object penetrated 
the protective layers ofits payload 
bay door. Another collision, 
between a circuit board andan 


Atlantis shuttle payload door in 
September 2006, created a12mm 
deep hole. To reduce such impacts 
Shuttles flew tail-first in orbit, or 
when docked to the ISS they were 
positioned so that the station took 
the worst impacts. 

Whipple shields that absorb 
debris impacts before they can do 
any significant damage can protect 
manned and unmanned 
spacecraft. Unfortunately, such 
shields cannot protect vital solar 
panels or stop the impact of larger 
debris. To tackle large debris, 
spacecraft have to manoeuvre out 
of the way to avoida collision. 


The orbital debris hole 
made in the panel of 
NASA's Solar Max 
experiment 








> 
Shielding Ww 
Vulnerable areas of iM 
the space station are 
protected byshields. 
fe 
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Zvezda module 
Zvezda is fitted with six 
y Service Module Debris 
Protection shields. 


© Science Photo Library 


Dealing with 
the space junk 


The European Space Agency is currently © 
building a radar system to catalogue and 
track hazardous objects in Earth orbit. At 
the moment, the US military Space 
Surveillance Network (SSN) tracks 19,000 
objects and its Space Fence radar system 
scheduled for 2015 expects to track as 
many as 100,000 objects. 

To mitigate the problem of space junk 
the Inter-Agency Space Debris Co- 
ordination Committee (IADC) was formed 
in 1993 to produce aset of guidelines. It 
advocates several preventative 
measures, including reducing the 
amount of hardware ejected or rendered 
inoperative bya space mission. Since 
accidental orbital explosions have 
accounted for at least 200 incidents, it is 
recommended that explosive gases or 
fuels be vented to stop this happening. 
The deliberate explosion of satellités 


should be stopped, and where possible 
satellites should be steered clear of 
debris. As LEO satellites are the biggest 
culprit, they should be designed to only 
have an orbital life of 25 years, and carry 
drag devices or a propulsion system to 
send them into re-entry ifits orbit is not 
low enough for it to naturally re-enter. 
Higher satellites should be designed to 
enter a ‘graveyard’ orbit at the end of 
their operating life. 

Several ideas have been proposed to 
dispose of existing junk. They range from 
shooting it down.using lasers, scooping it 
up with Aerogel material or netting it 
with ‘trawler’ satellites. For the smallest 
debris, large panels of porous foam could 
slow. down junk that passes through it, 
making it re-enter the atmosphere. For 
larger debris, it could be collected by the 
roboticarm ofan unmanned spacecraft. 


The Hypervelocity 
Ballistic Range at 
NASA’s Ames Research 
Center simulates orbital 
debris hittinga 
spacecraft by 
launching a projectile 
at speeds ofup to 
17,000mph ata solid 
surface. This image 
shows the resulting 
energy flash. 


> NASA 
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Hypervelocity picture andstary background ¢ 
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| Diamond in 
the rough 
Layers of diamond- 
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Sight without ' 
sore eyes 

The visor allows panoramic 
views, but protects the 
astronaut’s eyes. 


rs 






















like carbon make the 
visor scratch-resistant. 


Pure gold 
This gold layer 
protects against 
solar heat and light. 
me 24 


What are Saturn’s 
rings made Of... trea” 


Why does Saturn have rings? The answer has to do with something called the Roche lobe, named 
after a French astronomer. It seems when a planet orbits around a star (eg our Sun) and that 
planet has its own orbiting objects (eg a moon), a gravitational pull occurs between the objects. 
Around Earth, orbiting rocks formed into the moon. On Saturn, the rocks never coalesced and are 
still orbiting. 

Interestingly, the rings are only a few miles in thickness because of the highly localised effects 
from the Roche lobe. Dr Steve Maran, a noted astronomer, says Galileo was the first to discover 
the rings, but could not explain them. Today, viewing angles from the Hubble Space Telescope 
reveal an enormous region 
Craroelebberanyce(onm-vaolenatendetc 
planet. There’s also one 
distinct outer ring, which 

Maran attributes to geysers 
emitting from the icy 
southern polar region on 
Saturn, leaving a more 
distinct trail. % 


STUUR real ee (eer) 
causes gravitational forces 


DRing CRing BRing ARing 


around Saturn to hold rocky 
particles 


~<4—F Ring 
~@ G Ring 


INNER RINGS - Inner rings are 
made up of rock particles that 
never formed into a moon 


OUTER RINGS - Outer rings are 
caused by geysers in the south 
pole of Saturn 


“The rings are only a few 
eee Oe mas 
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isa transparent polycarbonate 
| shell which gives an astronauta 
panoramic view of their 
surroundings. The shell contains 
two visors, both protect against 


How do these visors protect 
astronauts against the sunlight? 


Attached to the upper layers of diamond-like carbon 
torso ofaspace suit, (DLC) which make them 
the Extravehicular scratch-resistant. 


# Visor Assembly (EVA) The interior visor is sprayed 
with an anti-misting agent for 
clear vision. It is transparent but 
contains a reflective plastic 
coating to retain heat emitted 


from the face. The exterior visor is 


micro- coated ina highly reflective gold 
meteorites, film to protect against solar heat 
accidental and light. It is thickly tinted in one 
impacts and direction to protect the 
solarradiation. astronaut’s eyes against incoming 
To maintain sunlight, while still allowing 
optimal vision optimal vision. When operating in 
the visors shade the sun visor is not used as 
also employ visibility would be poor. 


Van Allen radiation 
belt explained 


Particles around the Earth, but why? 


EARTH - The Earth acts like a Rotational 
generator, holding particles like axis 
amagnet 


INNER RADIATION BELT - 
Regions of the inner core 
are dense with electrons 





Magnetic axis 


OUTER RADIATION BELT - The 
outer region provides 
protection from solar rays 


SOUTH ATLANTIC - This region 
is particularly high in radiation 


Microscopic particles - mostly electrons and protons - are 
assembled ina region about 70,o00km from Earth’s surface. But 
why does it exist? 

The Van Allen radiation belt is named after James Van Allen, 
a NASAscientist who discovered it 50 years ago, but modern 
scientists refer to it as the magnetosphere because it’s nota 
round belt - it’s a region around Earth. According to Dr Steve 
Maran, astronomer and author, the magnetosphere is caused 
byaconstant outstreaming of solar winds held in place by 
Earth’s magnetic field (unlike other planets, Earth hasa molten 
iron core that acts like a generator or motor). “At first, scientists 
thought the discovery showed how much we don’t know about 
space,” says Maran. “Now we know that the magnetosphere is 
responsible for Earth retaining most ofits water and shields us 
from solar rays and planetary disturbances.” 
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Close enough to touch? 
The IVI o o ah a 


Why does the moon 
appear so unfeasibly large 
near the horizon? 


® Now, this one’s trickier than it sounds. We've all 
a seen how arising or setting moon on the horizon 
EVe)olerc bee tcbexiymuet-bek-DeReycaslcrc (em enleleemrcleleMtcil 
scientists and psychologists still can’t agree on or 
understand why it occurs - even NASA can’t fathom it. ; 

There are two main theories behind what's been dubbed the |) N 
‘Moon Illusion’. We know the size of the moon doesn’t actually 
change so we can safely assume thatit’s a trick of the mind. One q ty 
idea suggests the viewer instinctively attempts to judge the 
distance to the rising moon (it’s hard to comprehend 400,000km) 
based on visual objects, such as trees and houses in the distance. 
These objects seem near the moon, giving a distorted point of 
reference, making it appear bigger. However, this theory canbe 
called into question as pilots have also seen the illusion despite no 
point of reference against the ground. 

The second theory has to do with the fact that we tend to think 
ofthe sky asa flattened dome, rather than the hemisphere it is, 
and therefore perceive things overhead (birds and planes) as much 
lower, or nearer than the things we see on the horizon. And so 
although the moon may well be the same size whether it’s above 
your head or off on the horizon, because you believe it is farthe 
away at the horizon you perceive the moon to be much larg 
Either way, your brain has been tricked. # 
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Die eel ycem tested 


The theory that the objects in the foreground affect how far away we 
believe the moon to be can be comprehended by looking at Mario 
Ponzo’s railway track diagram in which two physically identical 
lines appear different sizes due to the perspective created by the 
tracks converging in the distance. The line at the top of the diagram 
appears wider than the line below because it seems to spana greater 
distance across the railway lines, which we wrongly perceive as 


a _ £ 
parallel. We're also reminded of the Father Ted episode when Ted 
explains to Dougal that the toys cows are ‘small’ but the real cows 
e al erme Ss outside are ‘far away’. 


The idea that we 
perceive the moon 
differently because 
we've come to mentally 
imagine the sky around 
usasa flattened dome, 
instead of the true half 
sphere thatitis, can be 
seen here. Although you fy / 
can clearly see in the 4 Les 
. ro Flattened 
diagram that the actual eat ; sky 
distance between the 
viewer and the moon 
doesn’t change, our 
brain’s perception of the 
extra distance to the 
moon is compensated 
for byshowing usan 






















apparently enlarged 
moonat the horizon. 
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Remnants of failed meee cee are dry, dusty 
and atmosphereless rocks drifting through space 


) Asteroidsare the most numerous bodiesinoursolar trying toshed some light on what historically were written off 





@. system, with hundreds of thousands of them as simple floating rocks. However, asteroids are unique in the 
orbiting around the Sun in both belts and as fact that they tell us much about the conditions of the universe 
~ individuals. They far outnumber our well- post-big bang, how astrophysics effect space phenomena and 


documented planets (and dwarfplanets, tothat matter)andare howplanetsare formed, granting the scientific community 
being studied by space agencies world wide, each of whichare great insight into our solar system’s origins and workings. 
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1. Asteroid 

The city of Dallas, Texas, is going to be 
destroyed by an asteroid - the American 
government fires huge lasers to destroy it 
but only succeed in breaking it into small 
pieces that still go on to destroy the city. 


2. Armageddon 

Another asteroid is on course to destroy the 
world - the American government hatches a 
plan to plant a bomb in its core to split in 
two so it will miss Earth. However, an earlier 
meteorite destroys Shanghai, China. 


3. Deep Impact 

Yet another asteroid is on a collision course 
with the Earth - the American government 
detonates nuclear bombs to destroy it but 
only succeed in splitting it in two pieces, one 
of which destroys 4 of the planet. 





Near-hits and 
approaching terrors 


Earth has and will be passed by many 
potentially hazardous asteroids 


fae) -i9 
alta) ei eal} 


Err nD) 


There are three types of asteroid: carbonaceous (C-type), siliceous 
(S-type) and metallic (M-type) variants, each corresponding to the 
composition of an asteroid, be that stony, stony-iron oriron. The 
composition of an asteroid — be that shape or material -is Gad 
dependent on when and what it was formed from, as wellas ifit 
has undergone reconstruction post collision. 

Initially, at the dawn of the solar system, most asteroids were 
much larger than now commonly found by astronomers, with 
sizes more consistent with a planet such as Mars and shapes TTT) 
varying wildly. However, the radioactive decay of elements within 
the asteroid rock melted these larger bodies, and during their fluid 
stage, gravity pulled them into spherical shapes before they 
cooled. At this point, though, many smaller asteroids - which 
cooled more efficiently than their larger brethren - did not reach 
melting point and retained their uniform rocky-metallic hd 
composition and their initial irregular shape. 

This process of asteroid formation can be seen vividly when 
contrasting many ofthe asteroids that modern scientists and 
astronomers are currently studying. Take the asteroid Ceres (Ceres 
was the first asteroid to be discovered and is now considered by 100,000 
some astronomers asa dwarf planet) for example - thisisa large 
asteroid (it has an equatorial radius of 487km) and, in turn, is both 
spherical in structure and carbonaceous composition (C-class), as 
it was pulled apart easily and cooled slowly. However, ifyou 
compare Ceres to Ida for example, which is a small asteroid (it has a 
mean radius of 15.7km), you find the latter is both irregularin 
shape (funnily, it looks like a potato) and heavily composed ofiron 
and magnesium-silicates (S-class). 


Orbits 
The majority of asteroids in our solar system are found ina concentration known 
as the main belt, which lies between Mars and Jupiter. This belt contains 
thousands of asteroids and takes roughly four anda halfyears to orbit the Sun 
ona slightly elliptical course and low inclination. Despite the fact that they all 
orbit in the same direction, collisions do occur at low velocities (for such 

large objects) and these cause the asteroids to be continuously broken 
up into smaller variants. Of this main belt, certain groups have 
been captured into peculiar orbits, such as the Trojan group of 
asteroids that follow Jupiter’s orbit, or the Amor or Apollo 
groups, which cross the paths of Earth and Mars 
respectively and the Aten group, which sits inside 
Earth’s own orbit. 
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“The composition of an asteroid 
Is dependent on when and what 
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Most of the asteroids in our 
solarsystem are positioned 
between the orbits of Mars 
and Jupiter, clustered in 
ee ‘ massive belts. However, 
4 fe some come close to Earth 
on their individual orbits 
Leen. and these are oJ eccel Kok ts 
vteollEreBlue |, 2@ar-Earth asteroids. We 
indicatesalowgravity | take a look at some of the 
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Ceres as imaged byt 


Ceres 


Dimension: 590 mi none 44 37 

AU) Perihelion: 855) 2 J) Orbital 
period: 1,68( jay i ).51km/ 
Temperature: K Spectral type: C 


Technically cla sa dwarf planet, Ceres-né aoe after 


red to its neighbouring eroids thatit 
cent of the belt’s total mass 


How = deflect ey impact... 


1. Nuclear \ 2. Multiple peer 3. Kinetic 
. ir TT Tas Oa Tanyesetate)p 


Similar to the last 


explosions , 4 explosions 

This method involves Detonating multiple ea ‘ x 

firing anuclear bomb zien nuclear bombs close : * option, thismethod 

into the asteroid. toimpact would push H MRC E trou yevita terete 
ay Problems may occur . i % ii oteretits co) oR Cekey els Sees a solid projectile into an 
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Naked Coma 
The only asteroid in the main 
belt visible to the naked eye is 
Vesta, which has a mean 
diameter of 530km and 
contains nine per cent of the 
entire asteroid belt’s mass. 


Naming Photo 


The way comets and asteroids 
are distinguished relies on 
visual appearance, with 
comets displaying a 
perceptible coma behind them 
while asteroids have none. 


Once an asteroid has been 
discovered it can only be named 
under the consultation of the 
International Astronomical 
Union, who will approve or 
disapprove the proposition. 


TOP 
ACTS 


ASTEROIDS 


route to Jupiter. 


Pm YeMraEMP 


(4 1 Bletea cerexce CA) 
Gm__ Gigametre 
AU Astronomical unit 


Hidalgo 
Dimension: 38km Aphelion: 1427.003Gm (9.539 AU) 


Trojans Km___ Kilometres Perihelion: 291.846Gm (1.951 AU) Orbital period: 5,029.467 
Orbital period Mi Miles days Escape velocity: 0.011km/s 
11.87 years Km/s Kilometres per second Temperature: ~116K Spectral type: D 


~ Mean 
Hidalgo has the longest orbital period of any asteroid 
: outside of the traditional asteroid belt, witha full orbit 
; . taking over 13 years. Hidalgo grazes Saturn’s orbit at its 
aphelion and its severe orbital inclination (43°) is thought to 
be the result ofa close encounter with Jupiter. 


Dimension (2.294 AU) 


Perihelion: 96.850Gm (0.647 AU) Orbital period: 651.543 
. days Escape velocity: 0 
Temperature: ~222K Spectral type: Q 


llo isa Q-type (metal-rich) asteroid discovered in 1932 
that was then lost until 1973. Named after the god of light 
and Sun in Greek mythology, Apollo shares its name with 

i the Apollo sub-class of near-Earth asteroids. Apollo was the 
first asteroid recognised to cross Earth’s orbit. 


<2 
. SN Pelee 
. 
7 a) : Dimension: 0.5-1.2km 
Aphelion: 494.673Gm (3.307 AU) 
Perihelion: 65.906Gm (0.441 AU) 
Orbital period: 936.742 days 
“°° Escape velocity: 
0.0003-0.0006km/s 
° MCT) 0 cH keer OTA 
4 Spectral type: C 
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Adonis was the second 
asteroid to be discovered in the 
Apollo sub-class of asteroids, 
found in 1936. Itisnamed after 
the Adonis of Greek mythology, 
it closely passes Venus on its 
orbit. Adonis will make close 
approaches to Earth six times 
during the 21st Century. 
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Aclose-up view 
of Eros 


OAc eee eee 





The first true asteroids to be 
photographed close up were 
Gaspra in 1991 and Ida in 
1993. They were imaged by 
the Galileo space probe en 








New 


The latest asteroid to be 
landed on is Itokawa, an S- 
type asteroid that crosses the 
path of Mars. The Hayabusa 
space probe returned to Earth 
with a surface sample. 


Filling 
Franz Xaver von Zach 
(1754-1832), astronomer 
and leader of the Seeberg 
Observatory, Germany, 
believed that there was a 
missing planet orbiting 
the Sun between Mars 
and Jupiter. To prove his 
theory von Zach 
organised a group of 24 
astronomers and gave 
them each a part of the 
celestial zodiac to search 
inanattempt to track 
down his errant planet. 
Unfortunately, despite 
sucha large team, von 
Zach was beaten to the 
discovery by the Italian 
Catholic priest and 
mathematician 
Giuseppe Piazzi, who 
accidentally discovered 
the asteroid Ceres in 1801. 


Franz Xaver Von Zach 


The asteroid 
Gaspra Giuseppe Piazzi 

4. Solar sail Mass driver 5. Mass driver Peeters 8) mel tle 
This method would Willer or(axe tall By coating parts of the 
involveattachinga would be fired into asteroid in paint, the 
5,000km-wide sail to theasteroid, and drill amounts of thermal 
anasteroid. The outtheinnards radiation emitted by 
constant pressure of oo as the asteroid’s Sun- 
Stel teteimey (oye U tcneeccy Hal teksjor-taeeel Clee) 5 (aaa sO facing side could be 

ener area would slowly mass and changing RUM aceeioR Nicos 
alter its course. the course. Nesp ey-1e0 8 
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“A meteor Is the visible streak of — 
) ight that occurs when a meteoroid 
sae help Te ago) =e 


Meteor 
attack 
diary... 


Better clear 
your schedule 


(0th October 2010 


153814 (2001 WN5) 
AnApollo-type asteroid, 
153814 measures between 620 
metres and1.4 kilometres in 
diameter. It will approach 
EVaderle belo em wesp UTE 
distances and atavelocity of 
sR UN enn 
















The Tycho crater 
onthe moon 


103P/Hartley 2 


Aperiodic comet discovered 
in1986, 103P/Hartley 2 
measures 1.6 kilometresin 
diameter. It will approach the 
Earthata range of 47 lunar 
Chelle lok e RUM INAO’ 
11.88km/s. 


Collisions 
and craters 


Evidence of collisions 
can be found everywhere 


When asteroids collide with each other there 
are three main outcomes, each of which depends 
on the size of the impacting asteroid. If the 
incoming asteroid is 1/50,oooth the size of the 
larger body then it will merely create a large crater, 
sending small fragments out into space. Ifthe 
impactor is roughly 1/50,00oth the size of the 
impacted, then the latter will fracture before 
breaking into rock and dust, before being pulled : " . , 
back together into a ball of rubble by gravity. / ’ Th November 2010 
Finally, ifthe incoming asteroid is larger than . nae ey a : 3838 Epona 
1/50,000th the size of the other, larger asteroid, ' ws ; Y Alarge Apollo asteroid, Epona 
then it willimmediately shatter into pieces and , measuresa gigantic 2.1-4.7 
forma mini belt of smaller asteroids. 7 Nelo TS hee rhs At 
Very rarely, asteroids collide with the Earth, the : Bey 
aay aia F m 76.8 lunar distances and atan 
most notable of which in the past 100 million years : : incredible velocity of 
was the instigator of the Cretaceous-Tertiary gh eee The Spider crater in approximately 29.68km/s. 
extinction event that wiped out the majority of the 3 Kimberley, Western Australia 
dinosaurs 65.5 million years ago. However, there is ee ; 7 
evidence across the world of many other lesser- 
sized asteroids impacting the Earth, with their 
craters remaining a testament to their size. 
Importantly, their size is not directly represented 
by the size of the crater, whichis roughly ten times 
the size of the impacting body. These impacts are 
postulated to have occurred infrequently over the 































The18km-in-diameter 
El'gygytgyn crater in Russia 










Asmall meteor crater 
in Arizona, USA 





Earth’s 4 billion year life span. 
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Phew! Close one... 

On 6 November 2009, an asteroid 22 feet in diameter 
passed Earth ata distance of 8,700 miles - the equivalent 
ofa bullet missing a human bya few millimetres. 





Asteroids vs 
meteoroids 
vs comets 


Despite common misconceptions, these space 
phenomenaare different from each other. An 
asteroid isa small solar system body in orbit 
around the Sun, which are sometimes 
referred to or classed as minor planets. A 
meteoroid, however, is asand-to-boulder- 
sized particle of debris drifting through space 
in orbit around the Sun or other bodies. They 
are smaller than asteroids and tend to travel 
at higher speeds; their composition ranging 
from iron to ice. Crucially, though, meteoroids 
differ from meteors and meteorites, although 
they are all part of the same body. A meteor is 
the visible streak of light that occurs whena 
meteoroid enters the Earth’s atmosphere, 
while a meteorite is the remaining part of the 
meteoroid that impacts Earth. 

Finally, comets are ice-based small solar 
system bodies that when close to the Sun 
display a visible coma (a nebulous temporary 
atmosphere) and tail of ice, dust and rock 
particles. Comets, unlike asteroids, generally 
origin in the outer solar system. 





The Near Earth Asteroid Tracking 
program based at NASA’s Jet 
Propulsion Laboratory has 
discovered thousands of asteroids 
during its life span, both from its 
range of ground-based telescopes — 
agood example is the GEODSS 
(Ground-based Electro-Optical 
Deep Space Surveillance) telescope 
located on Haleakala, Maui, Hawaii 
-toits deep space probes, scanning 
space for new asteroids and other 
space phenomenon. Its greatest 
achievement, however, has beenits 
successful insertion of the NEAR 
(Near Earth Asteroid Rendezvous) 
Shoemaker space probe into orbit 
around the asteroid Eros in 2001, as 
well as landing upon its surface. 
This made it the first ever spacecraft 
to complete a soft-land (a landing 
where the probe is functional 
afterwards) on any asteroid. 


Asteroids, especially 
those in the main belt, 


are prone to collisions 





6x @NASA 





PL engineers work on the 


Dawn space probe pre-launch 





2009 VA 
trajectory 


Asteroid 2009 VA was only discovered 
15 hours before its close approach. 
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The Near Earth Asteroid Tracking (NEAT) program run at 
NASAs Jet Propulsion Laboratory has one sole purpose: 
to find, explore and track near-Earth asteroids 


The mission to Eros was 
primarily to return data on its 
composition, mineralogy, 
morphology, internal mass 
distribution and magnetic field. 
However, considering its success 
and time spent orbiting the 
asteroid, it was possible to also 
study its regolith properties (the 
loose material scattered over its 
surface), interactions with solar 
winds and spin rate. This 
information was garnered with the 
spacecraft’s equipped x-ray/gamma 
ray spectrometer (used to measure 
the intensity of gamma radiation), 
near-infrared imaging spectrograph 
(used to measure and image the 
light properties of the near-infrared 
end of the electromagnetic 
spectrum), multi-spectral camera 
fitted with CCD imaging detector, 
laser rangefinder and 


magnetometer (measures the 
strength and/or direction ofa 
magnetic field). Indeed, thanks to 
this wealth ofinformation, we now 
have more first-hand data on Eros 
than any other asteroid. 


NASA's Jet Propulsion 
Laboratory in California 





“Enceladus reflects nearly all 
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Enceladus 





Enceladus is Saturn’s sixth-largest moon and orbits 
within the E ring, the planet’soutermost ring 


Although Enceladus is the 
©@. sixth-largest moon of Saturn, 
it’s on the small side. This 
. ‘flattened ellipsoid is one- 
seventh the size of Earth’s moon and 
about the size of Great Britain, witha 
mean diameter of 505km. One of the 
brightest bodies in the solar system, 
Enceladus is icy and reflects nearly all of » 
the sunlight that reaches it. This keeps the 
moon at about -201°Celsius. 
e Enceladus is one of five Saturnian 
moons known to orbit within the E ring. It 


The moon’s rotational period is the same 
as its orbit, so the same side is always 
facing Saturn. Enceladus is also ina 2:1 
orbital resonance with the nearby moon 
Dione. For every orbit of Saturn completed 
by Dione, Enceladus completes two orbits, 
and each moon exerts a gravitational force 
on the other. This relationship helps to 
keep Enceladus'’s orbital path stable. 

J aacECoLU Tego UCRUVLUODUORM NCD op OneTeBUNA\E 
explain how the ring stays in existence, as 
astronomers believe that otherwise this 
wide, diffuse ring - comprising ice and 


caused it to form in the first place and may 
well be replenishing the ring. There's a 
chance it could also be replenished by 
dust particles that rise when meteors 
strike Enceladus’s surface, as well as the 
surface of other moons nearby. 

Although Enceladus was first observed 
in 1789, little was known about this icy 
moon until NASA’s Voyager flybys in the 
early-Eighties. The Cassini spacecraft 
revealed much more about Enceladus in 
2005, but there’s still a lot to learn. A joint 
NASA/ESAmission to return to several of 


. 


orbits about 240,000 kilometres from 
Saturn, with an orbital period of 32 hours. 


Shear heating on Enceladus 


dust particles - would have broken apart. 
The moon's cryovolcanism may havé 


Saturn’s moons has been proposed but 
may not take place until 2020. # 
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Veg tie 


Acrust of water-ice is 


thicker at the south pole. . 
The moon was once thought to be entirely composed of ice. However, the water 
vapour on Enceladus was found to contain high levels of salt, which pointed to a sub- Rocky core 
surface ocean. This liquid means that Enceladus must have an internal heat source. It ee TS 


may come from both radioactive decay or shear heating, also knownas tidal friction. Ninel . 
As the moon orbits Saturn, the planet’s tides cause Enceladus to be alternately ee heal ete 


compressed and pulled apart. Faults on Enceladus rub against each other and the 
subsequent friction melts ice and forces water, vapour and other gases out of vents. 


Pressurised H,0 vapour —— Vent to surface 
tert fe) H,0 Ser CMU eT eho) 
pocket | particles vents for geysers. 
The heated water Ky f Ca Z 

eee ery) into vapour and ice H,0 ice 
pressurised sub- . ior late Temperatures drop on 
surface ocean. id the way up through the 


Ice plume 
Internal heating 
forces out plumes of 
ice, water and gas. 


frigid icy crust. 






Mantle 


Bh eew a CN aR 
Corer mee marci 


DIF Tells 
This intrusion of hot 
liquid rock may cause 
Peele oe) 
cryovolcanism. 


Inside 
Tales) eT 


1 Jibbenete ecm lKy ee atel 
gas are expelled from 
the surface 


Tidal heating Hot rock ? ; 

Pere CRC evel i Meee TS Hydrothermal circulation 

PMc er ae ka eee cece and convecting ice 
moon Dione. until melting. Heated water circulates through ice, melting it. 
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2. Rhea 

Rhea is about 100 
kilometres wider in 
diameter than lapetus. It is 
heavily cratered and has a 
wispy terrain. It was 
discovered back in 1672. 


3. Titan 

Titan is Jupiter's largest moon 
by far, at more than 5,150 
kilometres in diameter. It also 
has a thick atmosphere, It 
was discovered by Christiaan 
Huygens in 1655. 


1. lapetus 

At 1,436 kilometres in 
diameter, lapetus is Saturn’s 
third-largest moon. Its 
equatorial ridge and half- 
dark, half-light appearance 
make it unique. 





Mewar 
of Enceladus 


Some areas of the moon are older and 


Enceladus also has grooves and massive 

ote \-y© canyons - evidence of tectonic activity. 

Terrains ‘ AS ee Sea The smooth areas may be explained by 

Enceladus exhibits a RR aay nm ate eters eras 

bizarre mixture of softened ; (esa : ~. water, ice, methane and other gases 

See eeeye ; from vents in the south pole. The ice 
fractured terrains. c A 

continually replenishes the surface. 

This cryovolcanic activity is also the 

source of the moon's thin atmosphere, 

_ comprising mostly water vapour, which 

NE is at its thickest at the south pole. 

./ Enceladus’s southern hemisphere 

Weicorniecvietss ottdeya rcmaelscyacite loli 

‘dark, parallel depressions surrounded 

< s low ridges. The official term for these 

wa tanh is sulci, and each one is about 

iH © »% 500 metres deep, more than 100 

Walontarcss long anda few kilometres 

Lg Initially thought to be the result of 

tectonics, astronomers believe that they 

are cracks in Enceladus’s lithosphere 

see by cryovolcanic activity and the 

Boss of plumes of water and gas. 


Different colours 

The surface exhibits a 
pronounced difference in colour, 
represented here in blue. 


iced ee Sat moon, with an average 
temperature of 72 Kelvin. However, the 
Pouca le lt south pole is about 80 

» Kelvin, with a hot spot at 85 Kelvin. Itis 

/ believed that the moon actually orientated 
itself to place this hotter area of low- 

\ density material at the south pole. 


‘ Enceladus temperature map 


Cause of the colours 

The walls of the fractures expose 

outcrops of coarse-grained ice that are | 
free of the powdery surface materials 

that cover flat-lying surfaces. 


Biase eS oe Pann 


f ene apeael 
temperatures Uslp a) eceire ite go 
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Learn about Jupiter's massive moon 


not enough 


“Astronomers found evidence of a 
very thin een atmosphere, but 
Oo support life” 








On the surface 


Ganymede’s surface has two main types of terrain. The lighter 
regions of the planet are younger, covered in grooves and ridges as 
highas700 metres. Some contain fresh flows of volcanic ice. 
Ganymede’s regiones (distinct regions), comprising abouta third 
ofthe planet, are much older, covered ina dirty, slag-filled layer of 
ice with about 130 shallow craters. The formation of grooves in the 
lighter areas are something ofa mystery; scientists believe that 
they may be the result of tectonic forces that caused the moon’s icy 


crust to flex and crack. 


Acaldera-like feature 5-20km wide. * ¥ 


imaged on Ganymede’s surface: 4s 
- 
=> 


i 


astronomer 
Charles D. 


Perrine Regio 

Atabout3,800 kilometres 
in diameter, the Perrine 
Regiowasnamedin 
1979 for American 


Thiscrater is about 69 
SO Colo neltcscyguls(ct-tiTel 
| named in 1997 after an 
4 Be iechat erates Foyer em 


If Ganymede orbited the Sun, it would 


bea planet instead of amoon 


Ganymede is one of the 
four Galilean moons of 
Jupiter, named because 
Galileo discovered all four 
within a two-week span back in January 
1610. This marked the first discovery of 
moons orbiting a planet other than 
Earth, and also helped Galileo form 
his theory of heliocentrism (the belief 
that planets revolve around the Sun). 
Galileo originally named Ganymede 
and its neighbours ‘the Medicean stars’ 
after the famous Italian family and 
assigned each a different number. The 
moons were each given their own 
individual names much later in the 19th 
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Century as additional Jovian moons were 
being discovered. 

With a diameter of 5,268 kilometres 
anda mass about twice that of the Earth's 
moon, Ganymede is the largest satellite 
in the solar system. It’s almost the same 
size as Mars and bigger than Mercury. 
While Ganymede is similar to another 
Jovian moon - Callisto -in both size and 
density, it’s much more complex due to 
its varied terrain and differentiated 
internal layers. The moonalso hasa 
rather faint magnetosphere, or magnetic 
field (another unique attribute among 
natural satellites), buried within the 
magnetosphere of Jupiter. This 


magnetosphere is probably a result of 
convection in Ganymede’s core, which is 
thought to comprise of liquidiron. The 
planet’s numerous other layers include 
ice and silicates. 

During a viewing of Ganymede in 1996 
using the Hubble Space Telescope, 
astronomers found evidence ofa very 
thin oxygen atmosphere, but not enough 
to support life. It may also have an 
ionosphere, but there has not yet been 
definitive proof. Ganymede is covered in 
avariety of ridges, grooves, craters and 
valleys. The moon is icy and cold, witha 
mean temperature of -163°C, and has very 
lowsurface pressure. *% 














Inner ice mantle 

This mantle of warm, soft inner 
ice is thought to be between 800 
and1,oookm thick and possibly 
contain a saltwater ocean. 


8 «10 
le 2 
. 3 lois 3,637 kilometres in 
to Head diameter and the most 
7 ; . geologically active moon 
in the solar system, with 
UPITER 5 more than 400 known 
eye) hE active volcanoes. 


DID\YOU/ KNOW 





Tros 

~ Tros hasa diameter of 93.9 
kilometres. Itwas named for 
the father of the Greek 


mmo Tg ee 


Ganymede is tidally locked with Jupiter, meaning 
that the same side always faces the planet. Its year is 
about seven days and three hours, while its rotation 
is synchronous with that of Jupiter’s (a little less than 
ten hours). The moon is also in a complicated orbital 
resonance with nearby moons Io and Europa, 
known asa Laplace resonance. This 1:2:4 resonance 
means that for every revolution that Ganymede 
makes around Jupiter, Europa goes around twice 
and Io goes around four times. This may have 
existed since the formation of the solar system, or be 
the result of acomplicated relationship between 
Jupiter's tides and Io’s gravity. 





Icy crust 

The moon has avery 
rigid, frozen crust. It 
mainly comprises 
waterice, but also 
contains carbon 
dioxide and other 
organic compounds. 


silicate 
mantle 
The spherical 
innersilicate 
mantle probably has 
adensity between3.4 
and3.6 grams per cubic 
centimetre. 


lron sulfide-iron core 
Convection in this liquid, iron-rich core may be 
the reason for Ganymede’s magnetic field. 





2. Callisto (ett) ss 3. Ganymede 


= Callisto has a diameter of Ganymede is 5,268 
4,820 kilometres and was kilometres in diameter. It 
the subject of a 2003 was named for a 

NASA study for possible mythological cup-bearer 
colonisation and could be to the Greek gods and 

a celestial way station. favourite of Zeus. 
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Tidally locked to Jupiter, 

the same side always faces 

the planet. 


F8— fo) 
lo circles Jupiter four 

times for every orbit 

ere ayarilcre (cn 
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Europa 

Europa makes two rotations 
for every single revolution 
that Ganymede makes. 


Exploration 


The Pioneer Mission in 1973 was the first to fly by Ganymede, but the 
first in-depth information about Ganymede came by way of the 
Voyager Mission in 1979. This showed that Ganymede was actually 
larger than Saturn's moon Titan instead of smaller. Voyager's images 
also revealed aspects of the moon’s terrain, illustrating that it was 
covered in grooves and ridges and had ice capsat each ofits poles. 
About 25 years later, the Galileo spacecraft made six different fly-bys of 
Ganymede. It revealed that the moon has an ocean anda magnetic 
field. In 2007, the spacecraft New Horizons flew by Ganymede on its 
mission to Pluto. Images and data returned by Galileo and New 
Horizons ultimately enabled scientists to assemble the first global map 
of the moon. A joint NASA-ESA mission, the Europa Jupiter System 
Mission, would allow for further exploration of Jupiter’s icy moons. The 
proposed launch year is 2020, but funding has yet to be determined. 


The Voyager Mission revealed 
the true size Ganymede 
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Inside Ganymede 


Measurements of Ganymede’s gravity field taken by NASA's Galileo 
Mission’s encounter with the moon have confirmed some of the theories 
about its interior. Initially scientists thought that it may have hadan 
undifferentiated core of rock and ice. However, Galileo showed that the 
moon is most likely to have four differentiated layers. Its liquid metallic 
core means that Ganymede was probably much warmer in the past, 
despite its current icy crust. 
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What are 
the solstices? 


Why do we have a longest 
and shortest day? 


The winter and summer solstices are caused by the orbit 


@. 


of Earth and its angle of orientation as it goes around the 
Sun. The Earth is tilted on its axis at about 23.44 degrees 


to the axis of the Sun, so half of the planet receives more 
light than the other as it orbits. We refer to these two halves as the 
northern and southern hemispheres. When one is tilted towards the 
Sun insummer and spring, it will receive more sunlight and 
ultimately be warmer, but being tilted away in winter and autumn 


willsee temperatures drop. 


Longest day 
Occurs when thesun 
is highest at noon 


anda hemisphere is cy > 


tilted towards 


Shortest day 

Occurs when one of the 
hemispheres is tilted away from 
the Sunas muchasitcan be, so 
the Sun rises lower in thesky. 


Summer 
Summer solstice is 
the longest day of 
idetchyercba (oa dalcy 
northern 
hemisphere, with 
ey ccla aly 
towards the Sun. 


Autumn 

The Earth’s axisisat 
anangletotheSun, 

Roh detcpelo adel 
hemisphere cools; vice 
versa for the southern 
at this point in its orbit. 


Earth’s tilt 
The Earth’s tilt means that 
the Sun changes position 


intheskywhenitrisesin 

the east and setsin 

S the west. 
«-2 
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Spring 

Here, Earthis tipped 
neither towards nor 
away from the Sun, 
so the seasons in 
each hemisphere 
cross over. 


Winter 

Theshortest day of the year for the 
northern hemisphere, the winter 
solstice, occurs when the tilt away 
from the Sun isatits greatest. 


Why is Mars red? 


How the red planet got its iconic colour 


The red colour we see in 
@. images of Marsis the 

result of iron rusting. 

Rocks and soil on the 
surface of Mars contained a dust 
composed mostly of iron and small 
amounts of other elements such as 
chlorine and sulphur. The rocks and 
soil were eroded by wind and the 
dust was blown across the surface by 
ancient volcanoes. Recent evidence 
points to the very fine dust also being 
spread across the planet by water, 
backed up by the presence of 


Rocks have been strewn across the surface 
due to winds and storms, or possibly water 


channels and ducts across the 
Ritbetclacne al eben 

Theiron within the dust reacted 
with oxygen, producing a red rust 
colour, while the sky appears red as 
storms carried the dust into the 
atmosphere. This dusty surface, 
which is between a few millimetres 
and two metres deep, sits above 
hardened lava composed mostly of 
basalt. The concentration ofironin 
this basalt is much higher than that 
on Earth, contributing to the red 
appearance of Mars. *# 


These gullies on the side of the Terra 
Sirenum crater suggest water once flowed 





Solar wind 


How our Sun exerts its 
influence on the entire 
solar system 


@ 


2 


The Sun regularly emits a solar wind with 
speeds of 500 miles (800km) per second that 
affects the entire solar system. This wind is 
caused by hydrogen gas atoms being broken 


down into protons and electrons by the high temperatures 
ofthe Sun, which are consequently flung out of its orbit by 
the strong magnetic field. The tails of comets and the 
extension of the Earth’s magnetic field are both a result 

of this solar wind. Solar flares and sunspots on the 

surface of the Sun increase the frequency and intensity 

of the wind during its 11-year solar activity cycle. Almost 
allstars in the universe have been observed to havea 


similar stellar wind. 





The Earth’s magnetosphere hasa tail caused by the solar wind 


eae 


earnest 
12,756.3km 


51,18km 


Why does Uranus 
spin sideways? 


How come some objects in the solar 
system orbit with a retrograde rotation? 


Allthe eight planets of the solar 
©@. system (sorry, Pluto) havea 

counter-clockwise orbit around the 

# Sun,and each rotates onan axis 

that runs between their north and south poles. 
Of these, six (including Earth) rotate with their 
poles approximately perpendicular (at 90 
degrees) to their plane of orbit, so each side 
of the planet receives a roughly even amount 
of sunlight. 

Uranus’s rotational axis, however, is along 
its plane of orbit, a phenomenon knownas 
‘retrograde revolution’. It takes Uranus 
approximately 84 Earth years to complete its 
orbit of the Sun, which means that the 


northern and southern hemisphere each 
experience about 42 years of constant daylight 
(where the sun doesn’t drop below the 
horizon) and darkness. The reason for this 
most likely occurred in the early formation of 
the solar system, when a large object (possibly 
a protoplanet-a planetary embryo) crashed 
into Uranus and knocked it onto its side. Venus 
has a similarly unusual rotation, in that it 
appears to rotate backwards when compared 
with its orbit around the Sun. 


As Uranus orbits on its side, no one is sure which 
is the north pole and which is the south 
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How Uranus compares to Earth 


Uranus’s diameter is actually nearly-five times that of Earth, with a mass equivalent 


to 14.5 Earths altogether. © 








It’s vital to our.existence, but 
it’s alsoa star progressing . 
». through its life cycle 








More red dwarfs 


The vast majority of stars are 
red dwarfs, which can have 
masses as low as seven per 
cent that of the Sun’s mass. 
They can burn for no less than 
10 trillion years. 


Second best 


The brightest star in our sky 
aside from the Sun is another 
yellow dwarf, alpha centauri, 
which is actually a binary star 
system about 4.2 light years 
away from Earth. 


Bigger isn’t better 
The larger the star, the shorter 
its life. Although bigger stars 
have more fuel, they have to 
quickly consume it through 


Not yellow dwarfs 


The name ‘yellow dwarf’ is a 
misnomer; these can range 
from white to yellow. The Sun 
is white, but it appears yellow 
due to the scattering of light 
in our atmosphere. 


The same, but different 
Allstars are made from 
hydrogen and helium, and 
they all started out with the 
same proportions - they 
contain about 1/4 helium and 
3/4 hydrogen. 


nuclear fusion to maintain 
hydrostatic equilibrium. 





Inside 
di tewe ley 


Unlike rocky planets such as 
Earth, the Sun does not havea 
definitive outer boundary. 
However, the different layers 


beneath the Sun’s surface are 




















Convection zone 
This zone comprises 45 per cent of the 
radius of the Sun, and is dominated by 
rising gases from the core and cooling 
gases from the surface. 


Photosphere 

MV ave Hee CchUT Lo) (erie tales 
ofthe Sun, whichis about 
300-400 kilometres 
(186-249 miles) wide and 


looks bubbly. 
(Se btoReymanlobmcolelecla ness) } po 
and density. Although the ] pT Sy r=) 
core is on average the hottest / Bele 
part of the Sun, the complex i * sehuicrirndeaih 
relationship between rising & \ x Pinta ete 
heated gases and falling . between gas 
cooled gases create and photons. 
temperature fluctuations 
within the layers of the 
STB Lee) iv Pi P 
ere s 0 . - ile 
This zone makes up about 45 
percent of the total radius. It is full ad 
of electromagnetic radiation from 
the core, which bounce around as 
4 peeve anyacm Chromosphere 
This extends above the 


Inner core 


WU iter lebeMcp reves ue) Ceo. aKcele ice) BI) 
centre to about 0.25 solarradiiand 
generates most of the fusion power. 













® Withoutits existence, 


mass is about 80 to 120 per cent of the 





photosphere. Rising gases create 
huge temperature increases ofup 
to 20,000°C (36,032°F). 


—_———_ Corona 


SS 


its life cycle. About 40 per cent of the 


c ; 


The corona extends millions of 
kilometres outward from the Sun and 
is bestseen during solar eclipses. 


eur Tie Bes poets spent 18 years 
east the Sun Folia batep ola (olels an 
both calmand to a 


mass. This sphere had a gravitational 


Se ivataconniceviCebemm ole mass of the Sun. That means that the hydrégen has been converted, leaving _ pull that attracted dust and other 
life on Earth. In the Seb Ke) one meal eyecare Mi lemme ee ROR BON neh (c-lewelsoenans materials from the disk, which caused 
ere Ro inter ae inthe group. Sun evolves into the nexbstage in its the sphere to compress until it began 


however, our Sun is simply 

another star among the other 
hundreds of billions of stars in the 
universe. Officially, the Sun'isa 

class G2V star-in other words, a 
main-sequence yellow dwarf. Yellow 
OMI VecPATAVcE-MCenyeLocc Abe Becter kei 
5,000 to 6,000 degrees Celsius (9,030 to 
1,080 degrees Fahrenheit} and their 


BU cred ay sey ChiVevermmaateRoet ey 
converts hydrogen to helium in its 
core through nuclear fusion, which 
generates massive amounts of energy * 


“and light. The Sun fuses about 620 


millign metric tons (683 million short 
tons) of hydrogen per second. Based 
on this speed, astronomers believe 


that the Sun is about halfway through *% 


Nick yeloee Bese tclela 


But let’s start at the beginning. The | 


Sun formed approximately 4.5 billion 
perctece: Teme lm aelcect-bauloma beer tRaalsb cor) 
of the solarsystem, At this time a 
spinning molecular cldud of bd 
bento coyexcyeusveromarcloieneny eTacecuent 
into a disk, with a gaseous sphere at 
its centre that contained most of the 


converting the hydrogen to helium. A 
CV aTen GLO OMOL TACIT EACH Slate 
WM aT-RolttoMe-bemm (Crem itaberem enone 
indefinitely, thdugh - there’sa finite * 
supply. Nuclear fusion occurs in the 
Sun’s core due to ee Wate Lule et 
pressure, which heats the yea) 5 
million degrees Celsius (27 million 
(octea tetany Fahrenheit) and splits the 


5 10%s5<) 


Alllmages © NASA 










Beas Patera es willbe - .. hy 
250 times larger and It will 
WVV/a] |e VAae eee 


The Spitzer Space Telescope captured this image ; 
.thatreveals a molecular outflow of supersonic ~ , , ; ° 
gas from a young star colliding with dust and gas > "i . 
ffom the surrounding interstellar medfum and 
creating a nebula-type Peeele Wyner era CF 
particularly energeticphase ofa reves Ce 








r 
hydrogen atoms. There’s a'delicate z times larger thanits current radius, and ra i 
el balance, known as ‘hydrostatic , _ willswallow 1 oC Earth, 
, equilibrium’, between the inward Perrtntats Conacher teastls because 
compression exerted by gravity and the LdeTRSeh Ke secu icclaleyete lp el HAT AII AD cclCoel 
outward pressurefromtheenergy _, when it bécomesa red giant, the 
A created by the nuclear reactions. As the PRCearT Cel planetary movement outwards 
Sun’s hydrogen sypply is used up, the away fromthe Sun might spare our planet. 
. nuclear fusion in its core Will decrease, However, the most recent projections show * 
EVelemdal Kuo e nil maeetnccueM Bilao cn nyilt that the Earth would likely still be in the 
heat up toa temperature of 100 billion Oreck malt UU cool bolo 
p Co leten eset) Celsius(180 billion degrees , pulled in and vaporised. Evenifthe Earth a 
Fahrenheit) and begin fusing helium into itself is sparedsastronomers still believe P 
carbon. The outer layers of the Sun will that the increasing heat fron the Sun will , 
expand as it becomesa red giant. This eliminate life on Earth abéut onebillion 3 “gua , a, 
, means that bi Sun’s radius will be 250 years from wtoi o ” i >?) 


- The life (and death) of a star : 


NII Se heS follow the same basic pattern of their life cycle until the red giant stage. Stars 
Levteee than the Sun go supernova and then turn into a black hale or a neutron star. Sere 5 
like the Sun.progress over billions of years to a cold, dead star known asa ‘black dwarf’. 3 : 


re 
a 
be "« 


Dense clouds start Pressure and Star moves into Hydrostatic 

to collapse temperature main sequence equilibrium 
Stars begin when giant molecular begin to rise Stellar adolescence As nuclear fusion continues, it Hydrostatic equilibrium -when 
clouds full of hydrogen, helium Ifthere is enough released When core temperatures releases massive amounts of heat the nuclear fusion energy isin 




















and dust collapse into tiny energy from the cloud collapse, reach1o0 million degrees Celsius as energy, which pushes against balance with the star's gravity -is 
fragments, which coalesce into these gaseous spheres (18 million degrees Fahrenheit), the energy exerted by quickly reached in larger stars like 
potential stars called ‘protostars’. become super-hot. nuclear fusion begins. gravitational forces. the Sun. This stabilises the star. 
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Mant iceeimcorttccinee neater n Call ctn certs rT lh amas . 2. Stellar nursery i j 
Ebest Ccbaaleleko ect rcelewel ie whichis perfect for the ou Ifthe nebulae is dense The light from an exploding star 
OSE TOO e one Te , ‘ enoughand has low enough will not reach Earth until long 


- r H temperatures, the matter . 
ie et Fs bay béslata forealeitn after the star has died 
stars, creating a sort of 


1. Nebulae stellar nursery. 
This floating cloud contains - 

ionised gases, helium, 

hydrogen and dust particles. 


Star light 

Because the speed oflightis 
finite, ittakes time for us to 
see the light from an 
exploding star. 


© 


Light source is no more 
Light from the last observed supernova was seen 
on Earth about 20,000 years after the event. 


3. Mature star 
; Amature star progresses through 
4. Supernova , : its main sequence stage, burning 
Thestar goessupernova, sending i A rapidly throughits supply of 
gases and dust outward into the hydrogen (only large stars go 
universe with the potential for supernova) and becominga red 
creating new stars. ° giant or supergiant. 
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Star solidly on the 

main sequence Expanding shell as 
The mature star continues to fuse core compresses Red giant Star collapses White dwarf 
hydrogen to helium. For the Sun, When thestar reaches the end of Stars like the Sun progress The helium is consumed by Withits outer layers 
this is about the rate of 620 million its hydrogen supply, the core quickly into a red giant, typically the core, and the resulting sloughed off, the core of the star 
metric tons (683 million short tons) begins to collapse as the outer several hundred times the size of gravitational instability ends in -usually comprising carbon 
of hydrogen per second. layers of the star expand. the original star. acollapse. and oxygen - cools down. 
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On board 
the ISS 


What's it like 
living on the 
International 
Space Station? 


re\e Skylab 
a VU NASA's first space station 


f\ Dextre space robot 
wa)‘ Therepair robot that 
fixes the ISS 


VSS Enterprise 
Virgin Galactic will be 
offering services to space 


Space vacations 
Will space tourists 
choose LEO or ISS? 


“Sf\@ Understanding 

“7 rocket science 
Escape velocity, the laws 
of motion and more 





09.\ How do rockets 
meee Ae | work? 
They might look old, 
but they still rock 


S40, How NASA 

eae communicates with 
space shuttles 
NASA‘s mission control 
inaction 


Space suits inside 
and out 

Find out how modern 
space suits work 


49% How the space 
o=é= shuttle worked 
Alook back on NASA‘s 
space machine 
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© Virgin Galactis 
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Virgin 
Galactic 


Farewell shuttle 


a2 i "The space shuttle orbiter 


Solid rocket 
boosters 
The power ofa shuttle 


The Shuttle orbiter 
Under the skin ofa shuttle 


Spacecraft re-entry 
How spacecraft survive 


*)* NASA's lunar truck 


The Lunar Electric Rover 
gets explored 


The Kepler mission 
The telescope looking for 
planets fit for life! 


) Jl Astronaut training 


Think you've got what it 
takes to make it to space? 


The MESSENGER 
probe 

Discover the spacecraft 
exploring Mercury 















CoM Sus 


Hayabusa probe 
How this probe worked 


Galileo Space Probe 
The first man-made 
object on Jupiter 


Unmanned 
space probes 
Discover how these work 


How spacecraft land 
on the moon 
It's notas easyas it looks... 


Inside the Apollo 
Lander 
The Eagle has landed 


Orion spacecraft 
NASA’s Space Shuttle will 
take us to the moon 
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SA inventions Bele 
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SpaceX Dragon 
capsule 

The first commercial 
spacecraft explored 


Lunar 
Reconnaissance 


158 
Orbiter 
Going back to the moon 162 
The Perseids 
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meteor shower 
Hail from the heavens 


NASA’s Viking 
programme 
Amid-Seventies 
space triumph 167 
Life in Space 

Learn how to survive 

the cosmos 





Space 
robots 
From sci-fi 
to reality 
with ease! 


ExoMars robots 
The most extensive 
search for life on Mars 


European Space 
Agency 

Europe’s answer to 
NASA explored 


lon engines 
explored 

Are they the key to 
reaching the star? 


IKAROS solar sail 
Amission propelled 
purely by solar wind 


Space trash! 
Howspace debris is 
sucha problem 


Phases of the 
moon explained 
The monthly phases of 
the moon laid out 


Satellites and 
space junk 
Anintricate system 


Mission to Mars 
The past, present and 
future of the red planet 


The Herschel 
crater explained 
Exploring Mimas- 
Saturn’s closest moon 


The 2001 Mars 
Odyssey 

The first spacecraft to 
report the existence of 
water on Mars 
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Cassini-Huygens 
The 1997 mission to 
explore Saturn 


Rocket test 
The RS-88 rocket engine 


Brand new window 
on the world 
Views from the ISS 


Biggest. Rocket. 
Ever! 

Testing an enormous 
rocket in the desert 


Shuttle’s last ever 
night launch 
Last ever trip to the ISS 


Life support 
systems 

How doastronauts 
breathe in space? 


How space pens 
write in zero gravity 
Using anti-gravity pens 


Space food 
Agood meal in space 


Apollo computers 
Small memory, big job 


Vostok 1 
The firstmanin space 


How a vomet comet 
trains astronauts 
Zero-gravity simulation 


Luna 1 
First craft on the moon 


10 NASA 
inventions 
in your 
home 


Find out what NASA meant with the 
motto “for the benefit of all” 
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Oe Rae 
International 
Space Station 


What's it like to live in space? 


~) Man has hada continuous 

presence in space since 2000 on 
e) the International Space Station. In 
. a 1998, the Zarya module was 
launched into orbit by the Russian Federal 
Space Agency. This was the first piece of the 
ISS. Now that it is complete but for one more 
module, the ISS is the largest satellite to ever 
orbit the Earth. Due to be finished in 2012, 
the ISS is the most expensive object to ever 
be constructed. 

The ISS wasn't the first space station; in 1971 
the Soviet Union launched the Salyut, which 
was the first ina series of space stations. Two 
years later, NASA launched Skylab. However, 
both of these programmes were single 
modules with limited life spans. In 1986, the 
Soviet Union launched the Mir, which was 
intended to be built upon and added to over 
time. The United States planned to launch its 
own space station, Freedom, justa few years 
later, but budgetary restraints ended the 
project. After the fall of the Soviet Union, the 
United States began negotiating with Russia, 


094. 


along with several other countries, to builda 
multinational space station. 

Until Expedition 20 in May 2009, crews on 
the International Space Station consisted of 
two-to-three astronauts and cosmonauts, 
who stayed for six months. Now the ISS is large 
enough to support a six-man crew, the stay 
has been reduced to three months. The 
current ISS crew is a crew of five: ESA 
commander Frank De Winne, NASA flight 
engineer Jeffrey N Williams, CSA flight 
engineer Robert Thirsk and cosmonauts 
Maxim Suraev and Roman Romanenko. 

The crew typically works for ten hours a day 
CelbdaberemaelcR Vere) ce-DeleBaLVcB ellen ecRoyems-LAUDCeCh VGH 
During their eight scheduled night hours, the 
crew sleeps in cabins while attached to bunk 
beds, or in sleeping bags secured to the wall. 
BU at=iecI Son Vcredas (reper ecmeerp TA nVOleI Mele 
difficult to sleep otherwise witha sunrise 
occurring every 90 minutes. All food is 
processed so it is easy to reheat ina special 
oven, usually with the addition of water. This 
includes beverages, which the crew drinks 








with straws from plastic bags. Exercise isa 
very important part of daily life for the crew of 
the ISS because of microgravity’s adverse 
effects on the body. The astronauts and 
cosmonauts may experience muscle atrophy, 
bone loss,a weakened immune system anda 
slowed cardiovascular system, among other 
problems. To help counteract this, the crew 
exercises while strapped to treadmills and 
exercise bicycles. 

Research is the main reason for the station’s 
existence in low Earth orbit (about 330 
kilometres above the planet's surface). Several 
scientific experiments spanning fields 
including astronomy, physics, materials 
science, earth science and biology take place 
on the station simultaneously. For example, 
USastronauts are currently conducting about 
ten different experiments, with an additional 
five automated experiments. They are also 
partnering on more than 20 manned and 
automated experiments with astronauts and 
cosmonauts from other countries. Since 1998, 
more than 130 experiments have been 
































Propulsion module 
The ESA's ATV Control Centre plans 


and monitors every movement of the 


The Automated Transfer Vehicle ATV until it gets within a few hundred 
[ATV] is an expendable eee ibe 
unmanned resupply vehicle 

developed by the ESA 








Avionics 














ae ee ee |e , module 
Pt Ea Pressurised The ATV contains 

Payload ~ module computers that use 

The ATV carries around seven Because the ATV tracking equipment to 
Zvezda Service Module tons of payload, including water, © cargo section is align and automatically 
After docking, the station’s crew oxygen, nitrogenand propellant. pressurised, the ISS dock with the ISS. They 
enters the pressurised module to The latter is used for orbit crew can enter also undock and send 
remove the payload and then fill the control, attitude, and boosting without spacesuits to the ATV to burn up in 





the station. a = remove payload. Earth orbit. 


pressurised module with waste. q s / 


Work 
compartment Transfer chamber 
This chamber contains 
computers and docking 
equipment. It can be used to 
dock with spacecrafts. 























Two crew members 
live, sleep, work and 
exercise in this 
compartment. 


TAN 


= Facilities 
The Zvezda contains a toilet 


cosmonauts from other countries. <—s 


Since 1998, more than 130 experiments 8 “and hygiene facilities, as well 
have been conducted on the ISS, and &  asakitchen with freezer and 
each month brings more published yc refrigerator. 

s 

research too. ; | 4 ; ° 
One of the overarching research goals ah Nt a ‘i = External 
for the station is to learn about the long- a handrails 
term effects of space on the human body. ~~ oe eek : The handrails are 
Many ofthe experiments also study the : Transfer compartment used during 
different AVENE things reactinalow : 5 The transfer compartment contains three spacewalks, or 
‘ ‘ = docking ports. Currently it is docked with extra-vehicular 
gravity, low temperature environment. the Pirs and the Poisk. activity (EVA). 


There is also an experiment involving 
the use of ultrasounds so that remote 
doctors can diagnose medical problems 
(there is no doctor on the ISS), with the 
hopes that the technology can also be 
used on Earth. 

The ISS is nowall but complete. The 
only component yet to be added is 
Russia’s Nauka module, planned to oO u e 
launch in mid-2012. With funding and . 
interest remaining high, itis expected The Zvezda was the third : 
that the ISS will continue operation until module to dock and provides life 
Flawed support systems for the ISS 
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"A series of complex treaties and ~ 
ggreements govern the ownership, 
use and maintenance of the station 
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The Columbus is. research laboratort 
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j External payload 

_ Anexternal payload facility 

C houses three sets of instruments 
».» and experiments, with room for 

three more. 
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Inthe Space Station Processing Facility 
at NASA’s Kennedy Space Center in 
Florida, a crane lowers the Multi- 
Purpose Logistics Module Leonardo 
toward the payload canister. 







@ United States 
a) 
® Japan 
ele) 
Canada 
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the ISS? 


The ISS currently comprises ten different modules 
andan Integrated Truss Structure. The modules are 
contributions from the Russian Federal Space 
Agency (RKA), NASA, the Japanese Aerospace 
Exploration Agency (JAXA), the Canadian Space 
Agency (CSA) and the European Space Agency (ESA), 
which includes 18 member countries. A series of 
complex treaties and agreements govern the 
ownership, use and maintenance of the station. 
When completed, there will be 16 different modules. 
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BOY Russia's Nauka module, due for launch in 2072, is the last planned component to be added to the ISS 


. Anatomy of the 
=» Space Station 


The ISS is a configuration of 









These racks hold science 
equipment and 

experiments. Half of the 
space is allotted to NASA. 












Harmony 
The Columbus is attached 
tothe NASA Harmony — 
node module. ’ 
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Creating 


—.. water In 


Space 


For the crew of the ISS it’s 

better not to think where 

their next glass of water is 
coming from 


The ECLSS (Environmental Control and 
Life Support System) provides water 


with the Water Recovery System (WRS). 


Water from crew member waste, 
condensation and other waste water is 
distilled, filtered and processed. This 
water is then used for drinking, 
cooking, cleaning and other functions. 
An Oxygen Generation System (OGS) 
separates water into oxygen and 
hydrogen. An experimental Carbon 
Dioxide Reduction Assembly (CReA) 
uses the leftover hydrogen with carbon 
dioxide filtered from the crew cabins to 
produce usable water and methane. In 
addition, the ECLSS filters the cabin air, 
maintains cabin pressure and can 
detect and suppress fires. 








1. Zarya 
The Zarya, launched in1998 and built by the RKA, is 
nowastorage component. As the first module it 
provided storage, power and propulsion. 

2. Unity 
Built by NASA and launched in 1998, Unity was the 
first node module to connect to the Zarya. It provides 
adockingstation for other modules. 

3. Zvezda 
The RKA-built Zvezda launched in 2000. It made the 
ISS habitable by providing crew cabins and 
environmental control as well as other systems. 

4. Destiny 
The Destiny is a NASA laboratory. Launched back 
in 2001, italso contains environmental controls 
and works asa mounting point for the Integrated 
Truss Structure. 

5. Quest 
The 2001 NASA-built Questis an airlock used to 
host spacewalks. The equipment lock is used for 
storing the spacesuits, while the crew lock allows 
exit to space. 

6. Pirs 
Amini-research module called Pirs was launched in 
2001 by the RKA. It can dock spacecraftand also host 
spacewalks by cosmonauts. 

7. Harmony 
Harmony, built by NASA in 2007, isa node module. It 
serves asa berthing point and docking station for 
modulesand spacecraft. 

8. Columbus 
The Columbus, launched in 2008, isan ESA 
laboratory specifically designed for experiments in 
biology and physics. It provides power to 
experiments mounted to its exterior. 

9. Kibo Experiment Logistics Module 
This JAXA module (also known as JEM-ELM) is part 
of the Japanese Experiment Module laboratory and 
was launched in 2008. It contains transportation 
and storage. 

10. Kibo Pressurised Module 
Also launched in 2008, the JEM-PM isa research 
facility and the largest module on the ISS. It hasan 
external platform and roboticarm for experiments. 

11. Poisk 
The RKA-built Poisk (MRM2) launchedin November 
2009. Inaddition to housing components for 
experiments, itserves asa dock for spacecraftanda 
spacewalk airlock. 

12. Integrated Truss Structure 
The ISS’s solar arrays and thermal radiators are 
mounted to this structure, which is more than100 
metres longand has ten separate parts. 


13. Mobile Servicing System 

Also knownas the Canadarmz, this CSA-built 
roboticsystem used to move supplies, service 
equipmentand assist astronauts on spacewalks. 

14. Special Purpose Dexterous Manipulator 
The SPDM, or Dextre, isarobot built by the CSAand 
is extremely dextrous. It can perform functions 
outside the ISS that had previously required 
spacewalks to happen. 

15. Tranquillity 

The Tranquillity will be NASA’s third node 

module, scheduled to launch in February 2010. It 
will contain the ECLSS as wellas berthing stations 
for other modules. 

16. Cupola 

The seven windows of this observatory module, 
launched with Tranquility in February 2010, make it 
the largest window ever used in space. 

17. Rassvet 
Scheduled to launch in May 2010, this second RKA 
mini-research module will also serve as storage. 
18. Leonardo 
Apressurised multipurpose module, the Leonardo 
willlaunch in September 2010. It willserveasa 
storage unit and free up space in the Columbus. 

19. Nauka (MLM) 
Scheduled to be launched by the RKAin May 2012, 
this multipurpose research module will bea rest 
area for the crewas well as doubling up asa research 
laboratory too. 

20. Solar Arrays 
Thesearrays convert sunlight into electricity. There 
are four pairs onthe ISS. 

21. Thermal Radiators 
The Active Thermal Control System (ATCS) removes 
excess heat from the ISS and ventsit out into space 
via these radiators. 


aE 

_ The ISSin early 

' construction 
while in orbit 





modules, trusses and solar arrays 
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The Statistics 


663 kilograms 
Volume of habitable space: 
358 cubic metres 
Supplies: 27,222 kilograms per 
expedition 
Orbit: 278 to 460 kilomet 
high at an angle of 51.6 de 
travelling at 27,724 kilometre 
per hour, completing 15.7 orbits. 
per day 
Gravity: 88 cent that of 
Earth sea le\ 
Cost: US Government 


euros (£90 billion) 
Crew support: 100, 00! 


hours 

Meals: About 19,000 consumed 
aboard 

Flights: 30 NASA space shuttle, 
2 RKA Proton, 22 RKA Soy 

ESA Automated Transfer Vehicle, 
ey. Nal ela icc ciate 
Wem ie Miele la lars) 
centres: 2 NASA centres, 

NS eAmercln gen 

1ESA in Germany, 

1 ESA in France, 

1JAXA centre, 

1CSA centre 
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“Skylab required only one 
unmanned Igunch to be complete" 
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How NASA's first space SL 
Station provided the 
groundwork for the ISS 


Following on from the success of the Apollo 

missions, and using the same equipment, NASA 

launched its Skylab space station in 1973 to observe 

the effects ona human during a prolonged period 
in orbit around the Earth. It was also intended to provide more 
astronomical information than could be provided from Earth- 
based observations. It was operational until 1979, completing 
more than 300 experiments in the process with three different 
three-man crews inhabiting the station. Unlike the ISS, which 
has taken over 12 years to build and is still ongoing, Skylab 
required only one unmanned launch to be complete and 
needed no assembly in space. 

The shell of Skylab was a modified Saturn V rocket used to go 
to the moon. It was also initially launched on top ofa Saturn V, 
but the later manned missions used a Saturn 1B rocket. An 
Apollo spacecraft transported the crew to the station and 
returned them to Earth. The success of Skylab missions proved 
that humans could bea positive asset when working in space, 
demonstrating excellent mobility and limited space-related 
problems barring a few bouts of space sickness. Skylab also, for 
the first time, showed that the resupply of space vehicles was 
indeed possible. 

The crew were able to produce unprecedented data on the 
Earthand the Sun using the equipment on board like the 
Apollo Telescope Mount (ATM), which acted asa solar 
observatory, giving views of the Sun and stars with no 
atmospheric interference. The crew exceeded all expectations, 
performing unplanned experiments such as observinga 
nearby comet. The station also famously had two spiders on 
board which showed that they could build a near-perfect web, 
ifslightly irregular, in space. 

Although a successful six-year mission, the station did 
encounter problems on launch when its meteoroid shield 
ripped off and damaged the station’s solar protection. When 
astronauts first arrived the station wasa rather sweltering 52 
degrees centigrade. Asun-parasol had to be deployed to lower 
the temperature. 







Apollo Telescope Mount 
Housing a number ofsolar telescopes 
which were used primarilyin 
attempting to observe solar flares 
which were of great interest to NASA. 
It was successful on several occasions. 
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attached to the outside of Skylab ‘ . , Lm. , 5S ‘ a 


and collected by astronauts A Z 4 a ' = Multiple Docking Adaptor ' z 
>. A f a. ; Provideda primaryand secondary 
docking port for the Apollo spacecraft. 
™ Alsocontained control panels for the 
Apollo Telescope Mount. 


Used asa workstation, the crews also used this module 

to travel to and from the station. The last crew, 

knowing thespace station might not survive, packed it 
with valuable equipment that would have been lost. 6/4 


Command and service module i 4 
a 
| 


NASA 





098 










3. Mir 

Occupied for 4,592 
days (not continuously) 
from 1986 to 2001. Mir 
was one of the Soviet 
Union's major 
achievements in space. 


1. Skylab Cl 2. 1Ss 


Three crews manned the ; Broke Mir's record for 


ia Pe el 
icles 
Cae lose! 
to Head 


A fC 
: station (although not 
continuously) for 171 days 
and 13 hours, a record at the < days) on 23 October 2010, 
time. The longest stay was po. a ee and could remain operational 
mmo) 84 days. \.~ i= * cE, for at least another ten years. 
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presence in space (3,644 
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Airlock Solar panels 









Allowed crews on | These were folded against the station 
board to perform for launch and extended in space, 
spacewalks outside providing power for the station. They 
the station, which were initially damaged and later 
consisted largely of repaired by astronauts, 

repairwork. The first 

crew had to deploya 

sun-shield through 

the airlock to protect 

the station from the 


Sun’s rays. 





Crashing 
to Earth 


NASA originally had plans to docka 
shuttle with Skylab in 1979 to push 
itinto a higher orbit where it would 
not be dragged into Earth’s 
atmosphere. However, in late 1978 
the National Oceanographic and 
Atmospheric Administration 
(NOAA) warned that an increase in 
solar activity would move Skylab 
into the atmosphere within a year. 
With the shuttle program 
delayed until 1981, Skylab became 
the subject ofa huge media storm 
when NASA announced it would be 
re-entering Earth’s atmosphere on 
11 July 1979. Controllers at the 
Johnson Space Center attempted to 
manoeuvre the station to ensure it 
disintegrated upon re-entry, but 
some of it survived and its remains 
were found near Perth, Australia. 
The San Francisco Examinergave 
£5,000 ($8,000) toa groundkeeper 
[> in Western Australia for winning a 
competition to deliver a piece of 
debris to its office, and The Shire of 
vee “4 provided equipment Esperance in Australia fined the US 
Micrometeoroid shield “a Poe Ny £250 ($400) for littering. 
Protected the workshop from } , ” experiments 
micrometeoroids moving through " 
space, and provided shade from the 
rays of the Sun. It broke on take-off, 
damaging the station. 


Workshop 
The upper part of this housed the 
workstation for experiments, and the 
lower had the living quarters including 
akitchen, dining room (knownas the 
ward room)and bedroom. 
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Weight: 91,000kg 
Height: 36 metres 
Diameter: 6.7 metres 
Living space: 283 cubic metres 
Asofarsunshade is. @ Altitude: 270 miles 


| Betttnectesotoyevl = Orbital period: 93 minutes 
onSkylab : 
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“Dextre weighs 1,560kg and 


cannot be assemble 








Dextre as attached to 
the International 


Space Station 


NaC AO aA tSyay 


space robot 


on Earth” 





The robot that will fix the International Space Station 


And you thought fixing your toaster was a 
challenge! On the International Space Station, 
components sometimes need repair or must be 
moved for scientific tests. Late 2010, the Special 
Purpose Dexterous Manipulator, or Dextre, became operational 
after about two years of testing. 

Why senda repair robot into space? The primary reason has 
to do with saving time for human astronauts, who can focus on 
science experiments on the space station and because the robot 
is impervious to radiation and other space hazards. “Dextre 
also helps reduce the risk from micrometeorites or suit failures 
that astronauts are exposed to during an EVA (Extravehicular 
Activity),” says Daniel Rey, the manager of Systems Definition 
for the Canadian Space Agency in charge of the project. 

Dextre is an electrical robot - as opposed to the common 
hydraulic and pneumatic robots found on Earth - because the 
robot itself won't require as much maintenance, space station 
repairs require precise movement, and there is no leakage. The 
robot has two large, electrically controlled arms, each with 
seven degrees of movement. 
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Each joint is controlled by a separate computer processor and 
runsa set of predetermined computer code. “CPUs control 
co-ordinated movements,” says Rey, explaining that the robot is 
mostly controlled from the ground but does have some 
autonomous behaviour. “All the joints are rotary joints so they 
have to move ina co-ordinated fashion.” The 3.67-metre tall 
robot weighs 1,560 kilograms and had to be ‘orbitally 
assembled’. The colossal bot has four main tools it will use for 
repairs. Rey described the two important characteristics of 
Dextre which makes it the ultimate space repairbot. 

First, Dextre uses an inverse kinematic engine to control joint 
movement. The ‘inverse’ is that the joints are instructed on the 
final place to move one ofits repair tools, and then must work 
backwards and move joints to arrive at that position. Rey 
described this as similar to instructing a human to puta hand 
ona doorknob, and then knowing that you need to movean 
elbow, forearm, and shoulder to that position. Asecond 
characteristic is called forced moment sensor, which measures 
the forces applied on the joints and is used for correcting inputs 
from an astronaut to avoid errors and joint bindings. 
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“The rockets will then 
propel the craft up to 
360,000 feet in about 


ga seconds” 


% 


Single rocket booster 


are required for lift-off. 
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VMS Eve 
The VMS Eve will carry VSS 
Enterprise up to an altitude 
of 60,000 feet, or almost 

twice that of a commercial 
aeroplane. 





How it works 


VSS Enterpnse 


The single rocket booster will save 
fuel during an air-launch. On NASA 
spacecraft, two rocket boosters 














Sub-orbiting craft 

The VSS Enterprise will fly to sub-orbit on its 

single rocket booster, but before reaching high wy 
altitude, will fold its wings for ‘feathering’ 

which causes the craft to slow down. 





Six passengers 

Six passengers will fly toa 
sub-orbital altitude of about 
110km over Earth. 





Folded wings 
Feathering will slow the 
craft, but will also allow 
it to float at sub-orbit 
and eventually descend 
back to earth, where 
the wings will fold out 
again and glide toa 
landing. 
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This second-generation spacecraft will fly 4,000km/h at 110km over Earth 


Imagine flying 110 kilometres (360,000 miles) 
‘ea over the Earth, soaring across the Pacific 

Ocean at 4,000km/h, seeing entire 
continents, and reaching a sub-orbital altitude that 
only astronauts - anda handful of millionaires - 
have seen. 

In the Virgin Galactic SpaceShipTwo, designed by 
Burt Rutan and Scaled Composites, commercial 
space flight will become routine - like catching a 
flight from Vienna to New York. The spacecraft, built 
in California, had it’s first test flight in 2010. It is made 
ofa carbon-composite material and usesa rocket 
powered by nitrous oxide that propels the craft at 
4,000 kilometres per hour. In fact, this is the most 
important difference between VSS Enterprise 
(which usesa single rocket and consumes less fuel) 
and the Space Shuttle (which uses two rockets -and 
more fuel). 

To launch the VSS Enterprise into space, Virgin 
Galactic will use a mothership launch vehicle called 
the Virgin Mothership (VMS) Eve that carries the 
spacecraft to about 50,000 feet, or several thousand 
feet above the typical altitude for aeroplanes. The 
rockets will then propel the craft up to 360,000 feet 
in about 90 seconds, or three times the speed of 
sound. VSS Enterprise will carry six lucky 
passengers ata time. 


Just before reaching maximum altitude, the 
spacecraft will use a rather unique feathering 
technique. The wings of the Enterprise will fold up 
and ultimately slow the aircraft which will then 
slowly descend to Earth’s atmosphere. During re- 
entry, at approximately 60,000 feet, the Enterprise 
will fold its wings back into position automatically, 
and glide back to dry land without using any more 
fuel or rocket boosts. Combined, this air-launch with 
the VMS Eve, assisted breaking (which used the 
gravitational pull of the Earth), and free-fall descent 
use a limited amount of fuel-aboutas muchasa 
commercial flight. 


What a ride! 
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speed of sound 





The key to how VSS Enterprise works is the single- 
rocket booster, which would normally not be 
enough to launch the vehicle into space. Most NASA 
spacecraft use two solid-rocket boosters. Instead, 
the Eve launch vehicle will carry VSS Enterprise into 
high altitude. Mission abort for most spacecraft is 
highly expensive, because the rocket fuel is 
consumed at launch regardless of whether the craft 
reaches orbit. With VSS Enterprise, during the air- 
launch at high-altitude, the rocket boost can be shut 
down at any time - say, because ofa mechanical 
problem or electrical failure -and aborted so that 
the craft can re-enter the Earth’s atmosphere and 
glide back to land. 

“Less fuel, and indeed clean fuel, alladd up toa 
space launch system which will be completely 
unprecedented in its low environmental impact 
compared with current space flight,” explains Sir 
Richard Branson, who is funding the spacecraft 
construction for Scaled Composites, speaking ina 
press release. “The spaceship’s carbon footprint for 
each ofits passengers and crew will be arounda 
quarter of that forasimple return trip from London 
to New York.” 

After testing in 2010, the first feathered flight took 
place on 4 May 2011, with further flights planned 
throughout 2012. 
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EXPLORATION 


» = Will space tourists 
choose LEO or the 
ISS? You decide 





The space tourism industry has really taken off, so 
to speak, within the last three years. A dozen major 
companies are competing fora race to space with 
= tourists on board. Seven space tourists to date have 
already been flown to the International Space Station, which is 
the only space tourism option open right now. 

However, for shorter duration adventures in the near future, 
several companies such as Virgin Galactic (a division of Virgin 
Airlines) have already flown successful test flights with an 
expected rollout to paying consumers to follow. 

At this time two different space tourist packages will be 
offered including orbital space (200 miles up aboard the ISS) or 
sub-orbital space (60 miles up in low Earth orbit). Orbital space 
flights to the ISS of 10-14 days cost around $20 million. 


Bite ee ee 
SpaceShipTwo 
Manufacturer: Scaled 
Composites 
Length: 18 metres 
Wingspan: 8 metres 
Tail height: 4.5 metres 
Top speed: 

Mach 3.5 (2,600mph) 


Required fuel: Hybrid rocket 
using liquid nitrous oxide and a 
solid rubber compound 
G-force: 3.8g entering space, 
Body construction: 

100 per cent carbon composite 


Windows: 
17" and 13" in diameter 


Passenger cabin: 
3.6m long and 2.3m wide 


Suborbital space flights to LEO (low Earth orbit) can last from 30 
minutes to 2.5 hours, depending upon the company offering the 
flights, and cost between $100,000 and $400,000. 

Virgin Galactic has teamed up with a company called 
Scaled Composites (the builders of the vehicles) and are the 
frontrunners right now in leading tourists into low-Earth orbit 
(LEO). Scaled Composites has a unique approach in carrying 
tourists to space which it says is safer than the traditional 
rocket launch. 

Scaled Composites is using both an aircraft and a spacecraft 
to transport tourists on a 2.5 hour space adventure. The 
WhiteKnightTwo (or Virgin Mothership Eve) is the aircraft and 
the SpaceShipTwo (or VSS Enterprise) is the spacecraft. Both 
vehicles are made from carbon fibre composites which are 
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1. John Glenn 
Former astronaut and US 
Senator John Glenn, at 77- 
years-old, was the oldest 
non-paying space tourist 
who travelled on the Space 
Shuttle Discovery. 





"the Earth, 





Rudders, elevons, 
Acero] Mame Ee) 
These help control yaw, 
pitch and roll, and theship 
tore-enter the atmosphere 
with the maximum amount 
(cebe tn 


Hybrid rocket engine 
Uses nitrous oxide asa liquid 


the nozzle. 


Landing gear 

High performance 
landing gear, brake 
steering and skid shoes 
are being used to ensure 
safety on this motor-less 


Bei i6 3 

When the spaceship enters LEO and zero 
gravity, the hybrid engine isshut down 
and thrusters are used to control the fine 


movements of roll, pitch and yaw. FabtoCcpEcrateb bere 


stronger and lighter than steel plus resistant to heat. 
WhiteKnightTwo has two fuselages, 15 metres apart 
and will carry SpaceShipTwo in-between them. The 
aircraft and spacecraft will travel up to 15,000 metres 
above sea level before SpaceShipTwo is launched 
into LEO. 

Some of the safety advantages of this two-stage 
system that Virgin Galactic points out are that 
SpaceShipTwo can be lighter and carry less fuel than 
ground-launched rockets. In addition, there is less 
drag on the vehicle when launching it from 15,000 
metres above the ground and the unique design and 
materials used in SpaceShipTwo make for less 
friction (and heat) during re-entry. 


oxidiser plus a solid fuel rubber 
compound to send hot gases out 






neva 

Around the middle 

window on the upper right 

e side of the spacecraftis the 


& . . » round emergency exit door 
§ @e required for safe travel. 


Entry/exit door 
Located on the lower left side of the 
SpaceShipTwo is the large entry/exit door. 


SpaceShipTwo begin’ 
to takeshape 


The hybrid rocket is another feature that 
integrates top thrust and the safety features of using 
a combined liquid fuel and solid fuel engine. The 
liquid that is used in the hybrid rocket engine is 
nitrous oxide and the solid fuel is a benign rubber 
compound. Unlike solid rocket fuel engines, hybrid 
rocket engines can be shut down any time. 
SpaceShipTwo carries a pilot, a copilot and six 
tourists, each with identical seating. This means that 
each tourist has a window seat as well as a window 
above. After several minutes of weightlessness 
tourists will re-enter Earth’s atmosphere in less 
traumatic fashion than astronauts and cosmonauts 
of old. 


2. Dennis Tito 
Multimillionaire Dennis 
Tito was the first paying 
space tourist, coughing 
% up $20 million to spend 
almost eight days orbiting j 


| Space Adventures 





3. Anousheh 
Ansari 

Anousheh Ansari was the first 
female space tourist and she 
and her family were the largest 
multimillion dollar donors to the 
X Prize for space tourism. 
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training program 


The Yuri Gagarin Cosmonauts Training Center in 
Star City, Russia is where space tourists, in the 
Space Adventures program, will undergo up to six 
months of training before they are allowed to 
travelina Soyuz spacecraft to the ISS. 

Asa prospective space tourist, you can expect 
not only thorough medical exams but training in 
zero gravity, communications systems within 
both the Soyuz and ISS, and centrifuge simulator 
training (launching into orbit). 

Specific space training will be conductedina 
simulator for the Soyuz TMA with experienced 
spacecraft pilot trainers. And additional training 
will be provided ina hi-tech International Space 
Station simulator. 





Because the carbon composite material reduces 
friction and because of the unique feathered tail 
configuration the spacecraft automatically accounts 
for drag and temperature, passengers are no longer 
submitted toa “lean forward, grab your ankles and 
then hope for the best” experience when it comes 
to re-entry. 

Whatis also unique about the SpaceShipTwo 
compared to ground-launched spacecraft is that 
there are no parachutes or water landings. 
SpaceShipTwo is designed to “lower its tail-feather” 
at around 21,300 metres and glide back into the 
spaceport from where itstarted, which initially will 
be Spaceport America in New Mexico. So, even 
though WhiteKnightTwo and SpaceShipTwo are 
being constructed and tested by Scaled Composites 
in the Mojave Desert of California, actual flights will 
take offand land in New Mexico. 

Now, for those with a larger budget - say in the tens 
of millions of dollars - Space Adventures will carry 
passengers to the ISS (and get a closer look at the 
constellation Leo). To date, Space Adventures has 
transported seven paying space tourists including 
Guy Laliberte, Charles Simonyi, Richard Garriott, 
Anousheh Ansari, Greg Olsen, Mark Shuttleworth 
and Dennis Tito. 

Adventures into orbital space are a bit more 
complicated than LEO in that journeys are longer, 
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“Space tourists travel 
gt over 17,000mph" 


BBort Amerie 7 


‘a, when it is 
( e the world’s first 
spaceport built specifically for the 
_ space tourism industry. Even though 
it was still under construction, in 
_ October 2010, the New Mexico 
paceport Authority (NMSA) 


Want to avoid airport queues? 
Take your holidays in space! 


eiaeekentcrntel 
Images URS-Foster+ Partners 


Big bucks 
The estimated construction cost 
of the world’s first purpose-built 
Fy efe(acyoleyam tes Colom rev tt Coye 





take place further out from the Earth and involve 
more people. Even though Space Adventures is a US- 
based company, it launches passengers in a Soyuz 
spacecraft from the Baikonur Cosmodrome in 
Kazakhstan. Right now, Space Adventures is using a 
Soyuz TMAspace capsule which contains three 
modules. Three cosmonauts (two professional 
cosmonauts anda space tourist cosmonaut) ride in 
the descent module to and from the ISS. 

Like the cosmonauts, the space tourist will be 
wearing a fully pressurised spacesuit, have to 


endure g forces upon liftoffand re-entry, adapt to 
weightlessness and once docked they will journey 
from the Soyuz space capsule to the ISS. Aboard the 
ISS, space tourists travel at over 17,00omph and orbit 
the Earth every 90 minutes. 

Space tourists to the ISS typically undergo 6-12 
months worth of training at the Yuri Gagarin 
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dedicated the runway, which is two 
miles in length, and named it the 
“Governor Bill Richardson Spaceway” 
after the current governor. 

Spaceport America is located 30 
miles east of Truth or Consequences, 
New Mexico (a bit of an ironicname 


at heated 





associated to this high risk and 
reward location). The terminal hub of 
the spaceportis being built to 
certified Gold LEED standards, 
meaning it will be very energy 
efficient with asmall carbon 
footprint. Virgin Galactic’s 
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two WhiteKnightTwo an 
SpaceShipTwo aircraft will reside. ca 
SiS oe first launch in 

subo ital spa 








UT 
Spaceport America’s runway is 
yButcitecsni eCcr-baleb Meleleb unc n acts 
long. That's almost two miles. 








SpaceShipIwo 
Virgin Galactic’s SpaceShipTwo will 
be flying from Spaceport America for 

at least the next 20years. 








Administrative centre 
Virgin Galactic’s HQ is at Spaceport 
America. It is also home to the New 

Mexico Spaceport Authority visitor area. 







Cosmonauts Training Center in Star City, Russia 
before travelling on board the Soyuz rocket. Typical 
space trips are in the 10-16 day range. Before entering 
the Soyuz capsule with the two cosmonauts in 
charge of the vehicle, the tourist will have to have 
already undergone a series of extensive medical 
tests to be cleared for the flight. Second, the 
equipment will be tested, suchas pressurised 
spacesuit tests, and the passenger will be 
quarantined shortly before take-off. 

So, what can you do in space on the ISS? In the 
past, space tourists have used their time to 
document and communicate their own personal 
experiences, run experiments and call awareness to 
a cause or promote a business. The most recent 
space tourist, Guy Laliberte, the CEO of Cirque du 
Soleil, used his video blog to promote “Poetic Social 
Mission” calling awareness to water-related 
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challenges facing the Earth and to promote his 
business. As if this didn’t got far enough, he also 
wore a red clown nose while making his videos 
before, during and after his spaceflight. 

Google cofounder Sergey Brin has put a $5 million 
down payment with Space Adventures for a future 
flight. Presumably he will be calling awareness to 
environmental issues (Google Green Initiatives), 
promoting space flight (Google Lunar X Prize) and 
promoting his search engine company in general. 
And right now Space Adventures is offering 
something that no one else has offered yet, which is 
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Shuttle in 1983. 


Before space tourists 
After astronauts had flown 


tourist ventured to the ISS, a 
couple of payload specialists 
flew aboard the NASA Space 


Cheapening space tourism 
The most recent space tourist Guy 
Laliberte, CEO of Cirque du Soleil 
has been accused of cheapening 
the space experience by wearing a 
red clown nose while on-board the 
International Space Station. 


Opposition to space tourism 
Former astronaut John Glenn was a 
notable vocal opponent to the 
prospect of space tourism saying 
that it would cheapen space flight tj 
and the legacy of those who worked 
for NASA. 4 








You'll have to catch it if 
youwant to drinkit 


Zero gravity and 
weightlessness 
Passengers aboard SpaceShipTwo will 
experience weightlessness for about six 
minutes where they can free themselves 
from their constraints and float about the 
cabin. For many this will come witha 
euphoric feeling of freedom. Fora few, 
however, this could mean temporary 
space sickness so they will need to be sure 
to use their motion sickness pills, patches 
or beads beforehand just in case. A person 
can experience a short dose of 
weightlessness going over the hump ona 
rollercoaster or in an aeroplane when 
rising from the seat unsupported. 
Weightlessness in SpaceShipTwo will 
be achieved in zero gravity conditions as 
the vehicle orbits the Earth and the 
passengers inside are going the same 
speed as the spacecraft. Since human 
bodies are adapted for gravitational force 
on Earth the feelings of weightlessness 
may seem odd and exhilarating at first as 
reported by astronauts, cosmonauts and 
the space tourists who have made it to the 
International Space Station. 


to be the first private citizen in history to takea 
spacewalk. None of the previous space tourists 
have made this claim so this milestone is still 
up for grabs. The spacewalk from the ISS will 
last around go minutes, will cost an additional 
$15 million and will add another six to eight 
days to the trip. One advantage of tourists on 
the ISS is that they will get a good dose of zero 
gravity weightlessness that you cannot 
experience in LEO. 

According to some of the previous space 
tourists, including Guy Laliberte, getting used 


me companies use a Boeing 727 aircraft at high altitude to create the feeling of zero gravity 
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Service 
module 

MU errr Keoele tery 
the main engine 
powered by liquid 
fuel for low thrust 
buat baTel<ibhy coche) 
orbit and for 
orientation upon 
descent back 

to Earth. 
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4 The solar array outside of 


. the service module 
Soyuz ™ A powers on-board electric 
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systems andis oriented 
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towards the Sun by 
rotating the spacecraft. 
Planet Earth__— 
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Astronaut Scott Kelly “"“\g World spaceports 
reveals how compact ; 
ogee - Go here for your space holiday 
a j 1 Baikonur Cosmodrome, 
’ Kazakhstan 
 -. 4 2 Spaceport America, New 
» Mexico, USA 
= 3 Spaceport Singapore, 
Singapore 
4 Spaceport Sweden, Kiruna, 
Sweden 
5 Vostochny Cosmodrome, 
Russia 
es | 6 United Arab Emirates 
Fs Spaceport, Dubai 
= 1 
to zero gravity takes several hours, as does 4 . 
manoeuvring around the station and trying Y £ . S& tt ys 
not to break anything. So, in the near future a ) ? . 3 Wy 
budding space tourists will havea choice on i) ie ] 
whether to spend a few hundred thousand . ra 7 . rt . 


dollars and go into low Earth orbit, or cough - o™)" ii, 
up a fewmillion dollars and travel to the 4 by Er Pa 
International Space Station. Most of the major ' "a bp 
players right noware betting on makinga 
lion’s share of the money on LEO on whatis 
projected to bea multibillion dollar business 
by 2025. 


i 
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Modern rocket science was used in entertainment and 
weaponry, long before the realms of space travel 


Rocket science has been around since the 280s BCE, 
§ whenancient Chinese alchemists invented 
gunpowder. Initially used in fireworks, gunpowder 
= wassoon put to use in weaponry as fire-arrows, 
bombs and more. Through the centuries, rockets continued to 
be used as weapons until the early-2oth Century. In 1912, Robert 
Goddard built the first liquid-fuel rocket (previous rockets were 
solid-fuel) and began the age of modern rocketry. To date, there 
have been about 500 rocket launches from NASA‘s Cape 
Canaveral, and more than five thousand satellites launched by 
rockets from spaceports around the world. 
While the term ‘rocket’ can be used to describe everything 
from cars to jet packs, most of us think ‘space travel’ when we 
see ‘rocket’. Most rockets follow the same basic design. 


Typically they are tube-like, with stacks of components. 
Rockets carry propellants (a fuel and an oxidiser), one or more 
engines, stabilisation devices, anda nozzle to accelerate and 
expand gases. However, there's a lot of variation among those 
basic elements. 

Thereare two main types of rockets: solid-fuel and 
liquid-fuel. The former have some similarities to those early 
gunpowder rockets. For space applications, solid-fuel rockets 
are often used as boosters to lower the amount of needed liquid 
fueland reduce the overall mass of the vehicle asa whole. A 
common type of solid propellant, used in the solid rocket 
boosters on the NASA space shuttles, isa composite made of 
ammonium percholate, aluminium, iron oxide anda polymer 
to bind it. The propellant is packed into a casing. Solid-fuel 
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| Liquid-fuel rocket 
Robert Goddard built and 
launched the first liquid-fuel 
rocket on 26 March 1926. It 
was fuelled by gasoline and 
liquid oxygen, the flight 
lasting 2.5 seconds. 


True rocket 
In 1232 BC, the Chinese used 
rocket-arrows propelled by 
burning gunpowder in their 
war with the Mongols. While 
not very effective, they were 
likely a frightening sight. 











Launch into Earth orbit Launch into space Private launch, Earth orbit 
On 4 Oct 1957, the R-7 ICBM Germany launched the first Space X, a company 
was the first rocket to launch rocket capable of reaching pioneering commercial space 


space, the V-2 rocket, in 1942. 
The missile was launched at 
sites in England and Belgium 
as part of the WWII effort. 


travel, launched Falcon 9 on 10 
Dec 2010. With an unmanned 
capsule, it orbited Earth twice 
before landing in the Pacific. 


an artificial satellite - Sputnik 
1- into orbit. This marked the 
start of the Space Race 
between the US and the USSR. 





ED ASOLO? Advances in gunnery left rockets forgotten until an Indian prince used them in the Mysore Wars [late 1700s) 


rockets are used alone sometimes to 
launch lighter objects into low-Earth 
orbit, but they cannot provide the type 
of overall thrust needed to propela 
very heavy object into Earth orbit or 
into space. They can also be difficult to 
control and to stop once ignited. 

The difficulty in getting off the 
ground is due to the strength of Earth's 
gravity. This is why thrust-a rocket’s 
strength-is measured in pounds or 
Newtons. One pound of thrustis the 






because of the force exerted by the air 
molecules escaping from it. This is 
Newton’s third law in action (see 
boxout on the following page). But the 
balloon is only propelling itself; 
rockets need to generate thrust greater 
than their mass, which includes the 
weight of the fuel. For example, the 
space shuttle in total weighs about 4.4 
million pounds, with a possible 
payload of about 230,000 pounds. To 
lift this, rocket boosters provided 3.3 




















consist ofa fuel and an oxidiser in 
separate tanks, mixed ina combustion 
chamber. Guidance systems control 
the amount of propellants that enter, 


Liquid-fuel 
rocket 


s 


depending on the amount of thrust The components 

needed. Liquid-fuel rockets can be ofa liquid fuel 

stopped and started. ial rocket and how 
Launch location can also help LAx]} 

rockets become more efficient. y they wank 


European Space Agency member 
country France chose to builda 
spaceport in French Guiana not only 




























amount of force that it takes to keepa million pounds of thrust each, while for its location near water, but also its Fuel 
one-pound object at rest against three engines on the main tank each location near the equator. Launchinga Common fuels used 
Earth's gravity. A rocket carries fuel provided 375,000 pounds of thrust. rocket near the equator, in an easterly today include 
that weighs much more than the object Liquid-fuel rockets have the benefit direction, makes use of energy created kerosene (RP-1), 
thatit’s trying to move (its payload-a oflosing mass over timeas their by the Earth’s rotation speed of 465m aes 
spacecraft or satellite). To understand propellant is used up, which in turn persecond. This also means that A , 
why, think about what happens when increases the rate ofacceleration.They puttinga rocket into geosynchronous 
you blowupaballoonandthenrelease havea higher energy content than orbit is easier, because few corrections 
it. The balloon flies around the room solid-fuel rockets. Typically they have to be made to its trajectory. Oxidiser 
The oxidiser may be 
= liquid hydrogen, orin 
Esca pe ve locity How rockets break free of Earth's gravity Seren 
Throw an apple into the air and it ground. If, however, you launched as escape velocity. At this speed, the 
will keep travelling away from that apple froma cannon ataspeed force of gravity will never be stronger 
planet Earth until gravityovercomes of 25,0o0omph (40,000kph)- that’s a than the force causing the apple to 
the force of your throw. At this point nippy seven miles (11km) per second move away from Earth, andso the — oe 
the apple will fall back down to the -the apple will reach what’s known apple will escape Earth’s gravity. the fueland oxidiser 
into the combustion 
Escaping 1. Gravity chamber. 
An object fired from a cannon 
other boii 1esS is returned to Earth by gravity, 
in the direction of Earth’s core. 
Escape velocity depends st 
on the mass of the planet 2. Mid-range 
ormoon, Meaning that The greater the object’s speed, Combustion 
each planet sescape the further it travels before chamber 
velocity is different returning to Earth (falls at the Jets of fuel and 
same rate of acceleration). ‘ oxidiser meet here, 
Ja a where their 
ignition createsa 
Mass (Earth = 1): 3. Long-range high-pressure 
0.00015 With enough velocity, stream of gases. 
Escape velocity: the object reaches the 8. Escape velocity 
1,430mph (2,301kph) horizon, at which point Sleek At escape velocity, the N 
the ground ‘falls away’ object will break free of ozzle 
(due to Earth's curve) Earth’s gravitational pull. The gasesare 
and the object travels further accelerated 


Mass (Earth = 1): 
1 
Escape velocity: 

25,038mph (40,000kph) 





Mass (Earth = 1): 7. Elliptical orbit How an object's 4, naif orbit 
333,000 ; Object speed is greater than velocity helps it Earth’s surface falls away 
eras rng orbital velocity but less than escape Earth's from the object nearly 
sl, escape velocity. The object i ity’: 
(2,223,469kph) pa a to circle the Earth. ravitational Pp ull aan ar 


further before landing. 


5. Orbital velocity 
At this speed the object's 
gravitational fall is 
balanced with the 
curvature of the Earth. 

\ ~ 


6. Circular orbit 
The object travels so fast it 
falls all the way around the 
world. It is now in orbit. 





NEN 


xX 


> Newton’s 
cannon 












in thenozzle, which 
directs them from 


the engine. 


)\ © DK Images 
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“There are two main 
types of rockets: - 
solid-fuel and liquid-fuel” 
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EXPLORATION 








Blast off explained 





The three 
laws of 


Saturn V: The bi 
and most powe 





































Rockets like Saturn V, the one Launch 
Pi) Hy 
used to launch NASA's Apollo and Umbilical 
mM Oo ion Skylab programs, are multi-stage Tower 
nie Peers ap liquid-fuelled boosters. The Saturn V ea i 
ockets have been around for ‘ ‘ ; 
thousands ofyears, but the science ee ee eee eo and installed 
eet . See d ‘ powerful and most successful rocket permanently at the 
. ae ete haan ees a ri ever built. Itwas 110.6m tall, 10.1min launch site for the 
pails eee athe : eat shit diameter and hada payload of Rene 
Sa i = A i : ae i i - 5 i eye 119,000kgs to low-Earth orbit. Satie —— 
explained th ree et PXo\i(-s80) ee Sneieatnae BIER, follees contains swing arms 
ti ee , bs byan instrument unit and the to access the rocket, 
Se a SATU E ESTO ANCE payload (spacecraft). The total acraneandawater 
late 's Laws of Motion. K sah bored mission time for this rocket was suppression system. 
; a pike tele we eee about 20 mins. The centre engine was 
Mer Saar l ignited first, then engines on either Payload 
ace NY side ignited. The first stage lifted the The Saturn V payload was 
era rocket to about 7okm and burned for either Apollo spacecraft or 
2.5 mins. When sensors in the tanks the Skylab space station. 
So aE With the former, it carried ; 
atrest will stayat sensed that the propellant was low, Hoththe Command Third stage 
rest, al otras motors detached the first stage. The Service Module (CSM) and The third stage is S-IVB. Itonly 
mn ae reac second stage continued the trajectory the Lunar Module (LM). had one engine butalso used 
unless a external, to176km and burned for sixmins. j ae Aenea, a 
unbalanced force About halfway through this stage’s Instrument unit 7 weighed 119,000 kilograms. 
acts uponit.A ignition, the instrument unit took Theinstrumentunit, f 
Besse: control of calculating the trajectory. containingtelemetryand ¢ Second stage 
eee Secondstagecomplete,solid-fuel —ontrotied theocket’s ea 
Aan ‘ rockets fired it away from the third ti tilth contained five engines and was 
ate : Gperallons UNE Ae nearly identical to the first stage. 
pretevetoentbetT OT stage. The third stage burned for 2.5 ejection of the third stage. a ; 
: fe etn However, itwas powered 
ntaeereloetleldstae mins and stayed attached to the Pei GF) by liquid hydrogen and 
AVTALeVESVATe eB (ob cocy spacecraft while it orbited the Earth, liquid oxygen and weighed 
at an altitude of 191.2km. It continued z 5 480,000 kilograms. 
roeieadianieahd to thrust and vent hydrogen before 4 . 
Me STOUT ramping up and burning for six more FF _ First stage 
times acceleration. : , The first stage was also 
ane TS minutes, so the spacecraft could bap knownasS-IC. It 
Cees icon dats reacha high enough velocity to SY containeda central 
eee) ecmy escape Earth’s gravity. engine, four outer 


accelerates the 
rocket’s mass in 
one direction and 
Ta step uetetsKe) ae) 
expelled gases in 
the other. Mass 
decreasesasit 
burns up 
propellants, while 





<eg 
’ 













engines, RP-1 fuel 
(kerosene) and liquid 
oxygen as the oxidiser. 
Fully fuelled, itweighed 
23 million kilograms. 





acceleration g 
increases, é 
bs 
THIRD LAW I 
WV atcha elicoBt\eitalcocy 
that for every 
action, thereisan Mobile 
equal and opposite Launcher 
reaction. Whena ? Platform 
rocket launches, y SIT. [= (MLP) 
TinteeCaa Coe pt ede Ts Crawler ¥ we : Athree-story 
aor terew ace ueb tt Transporter 1 platform designed to 
engine. The rocket This tracked vehicle » ode supportand launch 
movesin the moved spacecraft ¥ ve ray the Saturn V(and 
opposite direction, from the Assembly later, the space 
iV ovtoeb chaste) Building to the shuttle). Spacecraft 
Fccr-(au(oyePM LOD UNiMO) i launch complex along are built vertically, in 
the thrust must be apath called the aready-for-launch 
greater than the Crawlerway, and then configuration, in the 
rocket’s mass. moved the empty Vehicle Assembly 
MLP back to the VAB. Building (VAB). 








SPEED NEEDED TO 11 Ci Ke iS GALLONS OF 5OO @) @) @) 
ESCAPE EARTH'S GRAVITY -L_L. 9 FUEL ON BOARD 5 


aap oe TIME IT TAKES 3; ; Sada m3 OOOk a 
(8) eee oem @) MOMS MEE Tact : D 











6. Payload launched 4. Third stage [Raneemer ites 
Ariane’s payload, a satellite, is released by This third stage is Ba eee 
steel springs. The rocket is also capable of knownas the storable e 
carrying and launching dual satellites propellant stage. It 
andalso delivered a spacecraft to the contains two propellant 
International Space Station. tanks of nitrogen 
tetroxide and hydrazine, 
which feedan engine i z 
Q that provides the energy Liquid-pr opellant 
C to release the payload. rockets have 
<y come a long way 
SJbelacnaelsee 
inception... 
5. Fairing \ STS 
The fairing protects NS ese 
na oo 2. Solid rocket boosters Teeny 
, : These solid rocket boosters provide System, which took 
acing a Main stage et no tons of thrust. At an altitude of the shuttle into orbit, 
gore ee et eee 6o0km, about 130 seconds after liftoff, was retired inJuly 
during launch. It comprises two separate compartments, the boostersare spentand detach onynulirrewaledrG 
falls offabout three containing liquid oxygen and liquid from the mainstage, aa ei) 
minutesafterliftoff, | hydrogen. These poweran engine that BE. coat 


atan altitude of burns for ten minutes until the stage 
about 100km. separates, at an altitude of145km. 


RFT 

The most powerful 
space rocket to date, 
Saturn Vwas taller than 
a36-story building and 
launched every Apollo 
moon mission. 





SS 


Multi-stage rockets are essentially multiple rockets (each with 
their own engines and fuel systems) stacked on top or beside each 
other. Sometimes this assembly is known asa launch vehicle. As 


the fuel burns, the container holding it becomes dead weight. Sad 
When astage separates from the main body, the next stage is Sputnik Rocket 
capable of generating more acceleration. The downside ofa multi- pened pees 
stage rocket is that they're more complex and time-consuming to she ESI) uinenl 
build and there are aes coetal failure points. ster Payload packed j INE OEE 
, ; : 2 u ny external features of a payload the start of the ‘Space 
the fuel savings are worth the risk. This example shows the ESA‘s (suchas solar panels) will remain Pee rata eae Ost- 


Ariane rocket launching a satellite in Earth orbit. folded up until it reaches orbit. 


Propellant injection Collision 


= 
ey eto era tepi croc esc rele ie aver anety The collision of propellantatoms ion ral a We 
injected into a discharge chamber and EVaeR Maco ee copra sac cho 
bombarded with electrons. Ole efes vo aen been Ons iy ropu Te a 


Both solid-fuel and liquid- 
" fuel rocket engines generate 
“— Multi-aperture ~ thrust through chemical 
\ grids __ reactions, but in the future, 
Thisseriesofgrids —_ rockets may be powered by 
a SL Sm RTT R I CSTR SETen 
Anion engine uses either 


V-2 Rocket 
Developed by Germany 
for use at the end of 
WWIL, the V-2was the 
first rocket to achieve 
sub-orbital spaceflight. 


positively charged 
ions andelectrically A 
acceleratesthem electromagnetic or 


intoionjets, electrostatic force to 
generatingthrust. —_ accelerate ions, atoms witha 
net positive or negative 


charge. While the amount of 
me Cattiode id evauts] me<< e(cyec1Kce BK 


Magnetic field Ahollowcathodeinjectsnegatively  CO™Paratively low, the 


Magneticrings generatea magnetic field leecher ott mmm se ci SR UL cS See 
that facilitates the ionisation process. charged ion beam to render it neutral. ec TUC a (Oe Roam reeanits 
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Nines 
EXPLORATION 


Rockets / communications zone 


Unlike later liquid-fuel 
rocket stages, solid-fuel 


“Every action has an equal 
gnd opposite reaction” 


y, 












Despite already being heavily 
pressurised, propellant is 


rocket stages can’t be forced through a small 
stopped once lit. There’s a nozzle at speeds up to 
one per cent chance it will Second stage rockets are 


10,000mph. 





explode due to over- Z liquid-fuelled and can be 
pressurisation of the a manually throttled and 
propellant. F controlled after ignition. 


Solid boosters are 
cheap to design 
and implement 
and supply in 
excess of 70 per 
cent of the 
required thrust to 
reach its 
destination 


Up to five rocket 
stages have been 
successfully deployed 
in the past, though this 
particular design utilises three 
to deliver its payload into space. 


How do 
‘rockets work? 


Despite their apparent ungainliness, rockets are still 
used to reach space. Here’s how they work... 


gravitational pull requires quite a reaction 
-remarkably, an object must be moving at 
nearly seven miles per second to clear 
Earth's surface gravity. 

To facilitate the sheer mass of fuel 
required to move a small payload into 
space, multi-staged rockets are used. By 
discarding these so-called ‘stages’ once 
spent, the mass of the remaining rocket is 


















Every action has an equal and 
es opposite reaction. Although 

it’s highly unlikely Newton 
actually had space rockets in mind when 
he wrote his famous Third Law, it rather 
accurately and elegantly explains exactly 
how they work. 

Of course to shift a giant rocket, replete 

with weighty payload, beyond the Earth's 


less, therefore further thrust (and fuel) 
requirements are eased. 

Some first stage rockets are solid-fuel 
boosters, which force highly pressurised 
propellant through a nozzle at up to 
10,00omph to generate their thrust. Second 
stage rockets are liquid-fuelled boosters 
which can be controlled to their 
destination, but generate less thrust. 


with space shuttles 


Through a fast relay of information, NASA‘s Mission 
Control can send and receive data from orbiting shuttles 
shuttles through its Tracking and Data 


(2) Relay Satellite System - communication 


filters that allow vessels to remain in contact with 
ground-based controllers when in orbit. 

Mission Control, which is based at the Lyndon 
B. Johnson Space Center, is the data-hub for all 
NASA space flights, as well as the US section of the 
International Space Station. All instructions for 
space shuttles and astronauts originate from 
Mission Control, and all data sent from space is 
received and processed here. 

The White Sands Test Facility - nestled in the 
foothills of Organ Mountains, New Mexico, isa 


NASA communicates with orbiting space communications base run by Lyndon B. Johnson 
Space Center. Here, out-going and incoming 
information from and to Mission Control is 
relayed through multiple large antennas in and 
out of space. 

The space-based transfer of data from White 
Sands is dealt with by multiple Tracking and Data 
Relay Satellites. These communication-orientated 
satellites redirect information to the necessary 
space shuttle or space station. Since their 
launches back in the Eighties and Nineties, these 
satellites have greatly increased the amount of 
time spacecraft remain in communication with 
Mission Control. 
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since 1989 


The Kepler 
spacecraft 
used a plethora 
of small solid- 
fuel rockets, 
PTR oe tei =9 
around its base 
to generate its 


STue Pb aCoy ae) atl Ay 


cu) 


¥ 


HHI 


Mission Control- the 
most complex call 


Space suits 
inside and out 


How g modern spacesuit works 


Hard upper torso 

The HUT is a hard fibreglass vest shape shell. Its 
primary function is to support arms, lower torso, 
helmet, life-support backpack and control module. 
It also acts as a mini-tool carrier. 


Liquid cooling and ventilation garment 
The LCVG is produced from nylon tricot and spandex long 
underwear, laced with thin plastic tubes. Cool water 
flows through these to elevate the heat. 


Lower torso assembly 

This one-piece unit contains pants, knee 
and ankle joints, boots and lower waist. 
The LTA is fitted to the upper half of the 
EMU by a metal connect ring, looping to 
tether tools so these don’t float away. 


Maximum absorption 
garment 

Astronauts can spend up to 
several hours moon-walking and 
the absorbent MAG permits 
Ptstbe-Ucee nig een teae (ee 
without having to pressurise and 
depressurise both the space 
CTP Mal - eyes [ecree| 


Astronaut Edwin E 

“Buzz” Aldrin walks on 

the surface of the moon 
ColVbabay-aaatcyay ele) (0B Mmme ng 
extravehicu 





a= 

This has a purge valve to remove carbon dioxide if the backup 
oxygen supply must be used. Here oxygen flows from behind 
the astronaut’s head, over the head and down his or her face. 


Helmet lights and camera 

These are important for seeing in dark spots. The 
devices are mounted on the EVA and fitted over 
ewan 


Communications 
carrier assembly 

The CCA is a vital 

LT ese mele Reg 
mission control. This fabric 
cap contains microphones 
and speakers for use with the 
radio. This permits hands-free 
radio communications within 
Pee 


In-suit drink bag 
UME oc tant 
astronauts exerting so much 
energy. The IDB plastic pouch 
is mounted inside the HUT, 
containing 1.9 litres of water. 
Astronauts drink this through a 
small tube positioned next to 
their mouth. 


Primary life-support subsystem 
The PLSS is an essential backpack worn by 
Astronauts. It contains all manner of essential 
life-support apparatus, such as oxygen tanks, 
carbon dioxide scrubbers/filters, cooling water, 
radio, and electrical power, ventilating fans and 
ATR ce 


eping an 


a 
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It may not look comfy, but every part is necessary 
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Commemorating the space shuttle 





One of the two modified Boeing 
7478 used to transport the space 
shuttles between the landing 
site and the launch complex 





































































How the s 


“The program has experienced 
some significant successes as 
well as devastating losses 











ce 


shuttle worked 


NASA’s most successful spacecraft was retired on 

8 July 2011, 30 years after the launch of the first space 
shuttle mission. We take a look back at how this 
marvellous space machine worked 


In January 1972, the US president 

Richard Nixon announceda plan to 

create the first reusable spacecraft. Ten 

years later, on the 20th anniversary of 
the first human space flight, NASA had its first 
successful mission with the orbiter Columbia. This 
flight demonstrated that the space transportation 
system (STS) was viable. The space transportation 
system was designed by Maxime Faget, the same 
American engineer who designed all of NASA’s 
previous spacecraft systems. Since then, the 
program had 135 launches and experienced some 
significant successes, but also encountered 
devastating losses and setbacks. 

Although we think of the winged, plane-like 
spacecraft as the ‘shuttle’, it is actually the orbiting 
part of the entire space shuttle system. The 
spacecraft’s design came about in part because of 
the need fora large payload capacity, from which 
satellites could be deployed. Its unique design 
meant that it launched and flew like a rocket, but 
landed like a plane. The orbiter and solid rocket 
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boosters were recovered and reused, making it 
more efficient than previous spacecraft systems. 

Originally the first orbiter was going to be named 
the Constitution, but fans of the cult television show 
Star Trekstaged a write-in campaign and 
convinced NASA to change its name to that of the 
sci-fishow’s spaceship, the Enterprise. This orbiter 
was not designed to fly into space, but NASA 
intended to upgrade it to do so as needed after 
testing. However, enough significant design 
changes were made between test flights and the 
first fully functional launch to require the building 
ofa new orbiter, the Columbia. The Enterprise is still 
on display at the United States National Air and 
Space Museum in Washington DC. 

NASA’s space shuttle program ended on 8 July 
2011. Potential replacement spacecraft, such as 
NASA‘s Orion, are in progress with targets of 
completing a lunar mission by the early 2020s. 
However, with funding always a concern, there will 
bea gap ofseveral years before the US is fully 
re-engaged in space travel and exploration. 















The shuttle’s 
main parts 


At launch, the space shuttle system, or ‘stack’, 
comprises three main components: a black-and- 
white orbital vehicle (OV) containing payload and 
crew, as wellas the space shuttle main engines 
(SSMEs) and orbital manoeuvring engines (OMEs), 
two white solid rocket boosters (SRBs) and an orange 
external tank (ET) carrying liquid fuel oxidiser and 
liquid hydrogen. 





Orbiter Fuel tank 


The orbiter is the only The external fuel tank 
part ofthe space shuttle stores fuel for the orbiter’s 
system that actually main engines. It contains 
goes into space. It more than 700,000 
transports a crew of up kilograms ofliquid oxygen 
to seven astronauts as and liquid hydrogen, 
wellas payload suchas separated into two 
satellites, ISS separate tanks. The tankis 
components and insulated with foam to 
experiments. shield the fuels from heat. 





Rocket boosters 
The solid rocket boosters 
provide nearly 75 per cent 
ofthe thrust required to lift 
the rest of the shuttle 
system off the launch pad. 
They havea jointed 
structure and contain solid 
rocket fuel, a catalyst, 
instruments, a parachute 
and explosive charges. 


Crawler transporters 
NASA uses these tracked 
vehicles to move the space 
shuttle from the assembly 
building to the shuttle launch 
pad. They travel onaspecial 
pathway called the 
‘crawlerway’ and have been 
inuse since 1965, Each 
crawler transporter weighs 
nearly3,000 tons. 











iat veicht SOM diameter QM MASS 2,030metric tons 


aE i220 01 010) cn Vd cose tem od antarer-la\e\Narelas 


ED YAO The complexly-built shuttle contains more than 375km of wire and more than 2.5 million individual parts 








Launching the space shuttle 


The space shuttle launch is a multi-step process that 
begins on the launch pad at the Kennedy Space 
Centre in Cape Canaveral, Florida 


The first step of the launch is 
controlled by computers on the 
orbiter. They ignite the space 
shuttle main engines (SSME) one 
ata time, then fire the shuttle 
rocket boosters (SRB). As the 
shuttle begins its ascent, it rolls 
180 degrees to the right. Once the 
shuttle reaches about 28 miles 
(45km), the SRBs then separate. 
They deploy parachutes and fall 
into the ocean for retrieval by 
ships. The shuttle continues 
travelling horizontally towards 
Earth orbit. 

About five minutes into the 
flight, the SSMEs are turned off 
and the external tank is 
released. It typically burns up 
upon re-entry into the 
atmosphere, although small 
pieces may reach the ocean. 
Then the shuttle fires its orbital 
manoeuvring engines (OMEs) to 
orient it vertically and provide 
the final push into low Earth 
orbit. They fire again to get into 
orbit 250 miles (400km) above 
the Earth. The orbiter typically 
flies upside down and nose first. 


On the way down 


Before the orbiter can land, its crew must perform 
several operations for a safe and smooth re-entry 


When the orbiter ends a mission, Once it is inside Earth’s 

the first step is to close the payload atmosphere, the orbiter flies 

bay doors. Then the RCS thrusters like an aeroplane via computer 

are fired to turn the orbiter so that it controls, making S-shaped turns to 
is tail first. The pilotslowsthe orbiter help slowit downasit approaches 
down by firing the OMEs, then fires the runway. When the orbiter is 
more RCS thrusters to orient itina about 40 kilometres from the 
nose-first position with its underside runway and 600 metres (2,000ft) 
facing the atmosphere atanattitude fromthe ground, the commander 
of 40 degrees. The forward RCS lines itup and pulls up the nose. He 
thrusters are fired to burn offany deploys the landing gear anda 
excess fuel, since the front of the parachute to cause drag and 
orbiter encounters the most heat. eventually stop the orbiter. 


abe 


ee 


Pe caneel 


Parachutes are used to slow 
the spacecraft from 220mph 
(350kph) toastandstillas it 
touches down on the runway 





First stage 


After two minutes, and when 
the shuttle has reacheda E 
height of 28 miles (45 
kilometres), the exhausted * 
s > 





rocket boosters are released 









and parachute into the ay = 
Atlantic Ocean. ~ bY) } ‘ Second stage 
Eight anda halfminutes 
after launch, the shuttle is 
f a travelling at 5 miles (8km) per 
s : second. Its engines shut = 
\ | me down and the orange > “fi 
iy {% external fuel tankis 
Ascent / released, burning up over 
The shuttle must accelerate the Pacific Ocean. 
from zero to about 
18,ooomph (29,000kmh) to 
overcome Earth's gravity Descent 
and achieve orbit. Ata distance of 25 miles (4okm) 
the commander glides the 
space shuttle in large S-banked 
Ts turns to slowit down, « 
” eventually hitting the runway Lf 
j almost seven times steeper 
] thanacommercialairliner. 





V4) 
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Gow it “I biter key: : Discovery 
Columbi Atlanti 
«= me RATION a Chellencey re aan 


Paying homage to the space shuttle 


Farewell 
shuttle 


NASA’s space shuttle orbiter, which will 
fey have launched upon the Shuttle 

Transportation System (STS) 135 times, has | vi 4% 
been the most iconicspacecraft in the history of 12-04-1981 12-11-1981 roses 
space exploration. With NASA leaving Earth orbit 
to private space companies and instead focusing 
on deep space human exploration - in particular 
Mars and its moons - the space shuttles have 
unfortunately outlived their use. 

In their lifetimes the shuttles have transported 
more than 85% of the International Space Station 
into orbit, launched the Hubble Space Telescope 
and completed many other important missions. 
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“The reusable nature of the SRBs 
is one of their primary benefits” 





Immense thrust for take-off 


The solid rocket boosters provide about 5.8 million pounds of thrust for liftoff, 
NASA engineers can remotely adjust the thrust at take-off by controlling 
propellant intake, varying it from 69 per cent up to 109 per cent of the rated power 
level. The rocket boosters are designed to provide maximum thrust, yet the 
propellant is situated in the forward and aft compartments of the rockets to 
provide the least amount of stress on the space vehicle itself. After take-off, the 
ground crew can lower thrust to about 50 per cent after initial take-off to further 
reduce stress on the spacecraft. The rocket boosters, and the three boosters on 
the shuttle itself, must reach a minimum thrust level ofabout 90 per centin the 
first three seconds of take-off or the ground crew can manually override the 
boosters. In this scenario, a total shutdown of all rockets would occur and NASA 
would initiate an immediate shutdown. 
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The power to senda 
shuttle into space 


What flies at 3,094mph, provides 5.8 million pounds of 


thrust, but are only used for about two minutes? That’s 
right, the solid rocket boosters (SRB) on the Atlantis space 
shuttle, which flew into orbit in November 2009, are highly 
reusable rockets with a limited but important life span in 
the space shuttle missions. The boosters break off after about 28 miles of 
ascent and fall harmlessly into the ocean. NASA then refurbishes the 
boosters for each new space flight, repairs any damage, and gets them 
ready for another mission. The SRBs were the first to use a solid propellant 
as a way to quickly lift space shuttles into the sky and reach an attainable 
orbit. The solid used in the rocket boosters is a mix of aluminium powder, 
which works asa fuel, andammonium perchlorate, which works as an 
oxidiser (oxidising agents provide the oxygen needed to cause the rocket 
boost). There’s also a binding agent (to keep the materials together), a 
curing agent (to maintain the bound), anda catalyst that sets off the boost. 
Amotor in each booster ignites the propellant at lift-off. During flight, the 
nose of the rocket tilts about six degrees to direct the spacecraft to orbit, 
which is why the space shuttle seems to tilt during take-off. 

The boosters are not the only means to lift the space shuttle. The space 
vehicle itself provides some thrust (about 30 per cent compared to 70 per 
cent of lift from the boosters). In fact, the SRBs are not ignited until the 
space shuttle thrust is verified on the ground. After lifting to about 28 
miles, the rocket boosters separate and continue upward to about 41 miles, 
and then start to descend. 

The reusable nature of SRBs is one of their primary benefits - the 
boosters are used in matched pairs, and for each new mission, NASA refills 
an external tank separate from the rocket motor with the propellant. 
According to a NASA report on the recent Ares 1-X mission, one part of the 
rocket boosters for that launch had been used on six previous missions for 
the past 30 years. 











ia seKs million pounds cine AS miles 


ROCKET 
BOOSTERS 


Been Ohortaalela weiext 1.3 million lbs each 


cket boosters 








What makes 
a rocket 
booster? 


What it takes to 
get into space 





1. Nose cap 

The nose cap for each rocket 
shoots off after separation and 
deploys two initial parachutes, 
and one final parachute that 
weighs about 2,100 pounds. 


> @ 


k ‘ 2. Frustum 
The frustum is the 
section just below the 
nose and deploys the 
parachutes needed to 
guide the rocket boosters 
to a safe landing in 
the ocean. 


3. Solid rocket 
motor 
There are four solid 
rocket motor 
i segments which 
2 hold the propellant. 
= The ignition for the 


- propellant is 
controlled by the 
orbiter in the 
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provides enough thrust ; space shuttle. | 
; ] . 
= | 4. Separation 
Rocket separation 7 
| U The separation 
_N motors in the aft of 
anda recovery | 
'T control are 
Atanaltitude of about 15,000 feet, after as fn Gt eRe aclu mounted toa skirt 
the rocket boosters have separated oe eee cacti nee = copie = 
from the shuttle, the nose of each irection of the 
boosters using a | 
: 


rocket ejects and the rockets deploy 
two initial parachutes, which stabilise 
and re-orient the rocket, and then 
deploys and inflates the final 
parachute, which can hold about 
180,000 pounds (the rocket parachute 
itself weighs about 2,100 pounds). The 
rocket boosters both land about 140 
miles from the launch pad and land in 
the water at a speed of about 81 feet 
persecond. The boosters land with 
the tip facing up - pointing about 30 
feet out of the water. 





thrust control 
system. 


5. Aft rings 
Aft rings connect 
the external tank 
and the solid 
rocket motors. 
These are the rings 
which caused the 
Challenger 
disaster and 

were modified for 
future missions. 
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“The first was the Columbia, launched on 
12 April 1981, followed by the Challenger, 
Discovery, Atlantis and Endeavour orbiters” 


side = ale ae: orbiter 














—_ 14, Hydrazine 
pe and nitrogen 
% Sp ; tetroxide tanks 


5. Payload Bay z 

The payload bay contains the Canadarm, a NO 

roboticarm used to retrieve and deploy fl e@ an We 
payloads. The bay's doors contain heat bs 


radiators and remain open when in 
orbit to help with thermal control. 

















8. Vertical % 
stabiliser 

Much like onan aeroplane, 
the vertical stabiliser is 
designed to reduce side slip. It 
also holdsa rudder and speed 
brake to assist with deceleration 
during re-entry. 










11. Space radiators 


6. Space Shuttle 
main engines 
(SSMEs) 

These engines are 
fuelled by liquid hydrogen 
and liquid oxygen from the 
external fuel tank. They are 
used solely to propel the 
orbiter during its ascent. 


7. Orbital manoeuvring engines (OMEs) 
The OMEsare located in the aft fuselage near the SSMEs. 
These engines are used to help send the orbiter into 
orbit and adjust the orbit as necessary. 


10. Main gear 
Upon re-entry, the crew manually 
deploys the orbiter’s landing gear 
in the form of three sets of wheels 





through the heat shield. 
a 
sleek Inside the Shuttle 
Endeavouraftenlannen The elevonsare located on the edges of the 
Sot wings. They are used for both roll control 7 ' 
GON yt ct crcl duricclonlive Under the skin of the Shuttle's surface 
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STS-7: Space Shuttle STS-31: Space STS-71: Space Shuttle STS-88: Space Shuttle STS-95: Space Shuttle 
Challenger Shuttle Discovery Atlantis Endeavour Discovery 
Launched on 18 June 1983, this Launching on 24 April 1990, On 27 June 1995, the Atlantis Launched on 4 December Discovery's 25th flight 
marked the first time that an the crew of the Space Shuttle launched STS-71. This mission 1998, STS-88 was the first launched on 29 October 1998. 
American female astronaut Discovery deployed the marked the first time that the mission to the ISS. As its It is also well-known as John 
entered space with the Hubble Space Telescope Space Shuttle docked with the payload, it carried the first US Glenn's return to space at the 
inclusion of Sally K. Ride. during STS-31. Russian space station Mir. node for the ISS, Unity. age of 77. 











NASAss main spacecraft fleet was retired in 2011. 
Find out about the history of these iconic vehicles 


)) What we think of as the ‘Space Shuttle’, NASA 
calls the Space Shuttle transport orbital 
vehicle or orbiter (STS-OV, or just OV). Itwasa 

# reusable winged plane-like spacecraft. In 

addition to its engines and thrusters, italso hada 
three-level crew cabin anda payload bay. 

The orbiter fleet had five different craft. The first was 
the Columbia, launched on 12 April 1981, followed by the 
Challenger, Discovery, Atlantis and Endeavour orbiters 


(the latter built to replace Challenger). Although all of the 
orbiters were similar, rotating maintenance meant that 


Discovery approaches ; 
the ISS for docking F 


On 28 January 1986, the Challenger was destroyeda 
little more than a minute into its tenth mission. Aseal on 
one ofthe SRBs failed, which caused it to leak flames onto 
the external fuel tank. The orbiter veered and was torn 
apart by as muchas 20Gs of aerodynamic force, which 
resulted in the death of its seven-member crew. 

On1February 2003, the Columbia was destroyed upon 
re-entry into the atmosphere, killing its seven crew 
members. This occurred when gases entered one of the 
orbiter’s wings througha hole made by a piece of foam 
during launch and caused a structural failure. 


each was somewhat unique. The Endeavour was the 
youngest orbiter, first launched on 7 May 1992. 























Where the 


Crew on the flight deck perform duties ranging from 
piloting the Shuttle to satellite launches 


The orbiter’s flight deck seats the mission’s 
commander, pilot and two mission 
specialists. It looks much like the cockpit ofan 
aeroplane, but with more controls - over 2,000 
buttons, switches, dials and displays in total. 
In addition to forward controls in front of the 
commander and pilot, the flight deck also has 
displays and controls on its aft side. These are 
used to operate payloads. 


13. Electrical ‘ 
system fuel cells 4 


Atlantis was the last to fly into orbit, completing the 
final flight of the space shuttle program on 8 July 2011. 





4. Crew cabin 

The crew cabin includes the 
flight deck with controls. 
The mid-deck has areas for 
work, sleeping and hygiene. 


12. Manipulation arm 


Anairlock contains 
spacesuits and allows for Mommies aie vicelts 
the crew to perform large objectsin'space 
spacewalks. 


2. RCS thrusters 

The reaction control system (RCS) comprises 44 
small thrusters located around the orbiter. 
They are used for close manoeuvring 
suchas docking, orientation 
and altitude control. 


1. Nose cap 
The orbiter’s nose is made ofa carbon 
fibre and graphic composite knownas 
reinforced carbon-carbon (RCC), which 
protects the orbiter from the1,650° 
Celsius heat during re-entry. 





3. Surface tiles 
The orbiter’s thermal protection system (TPS) 
includes black high-temperature reusable 
surface insulation (HRSI) tiles onits underside. 
They are made of silica ceramic and varyin 
thickness depending on their location. 











action is 


The duties of the commander, pilot and 
specialists while on the flight deck depends 
on the details of the mission. In addition to 
firing the orbital manoeuvring engines (OMEs) 
to take the Shuttle in and out of orbit, the pilot 
also steers the Shuttle to rendezvous with the 
ISS or other crafts. Mission specialists may 
conduct experiments or retrieve and release 
satellites from the payload bay. 
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“Almost all spacecraft undergo a 
ballistic entry, travelling directly 
through the atmosphere” 








Spacecraft 
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How do spacecraft 
survive the journey from 
space to the ground? 


a) While not all spacecraft are designed to 


return home after completion ofa 

mission, those that do must overcome 
” intense heat and forces as the spacecraft 
passes through our atmosphere. Almost all spacecraft 
undergoa ballistic entry, travelling directly through 
the atmosphere until parachutes slow their descent. 
Only a few- NASA‘ space shuttle and the US Air 
Force’s secretive unmanned space plane X-37B - are 
capable of performing a glide landing and touch 
down ona runway like an aeroplane. 

The dense gas in our atmosphere is useful for 
slowing down a spacecraft on re-entry, allowing it to 
land safely without the need for extra fuel to reduce 
its velocity when approaching our planet. Thisisa 
problem scientists must overcome when a satellite 
lands ona celestial body with little to no atmosphere, 
such as Mars oran asteroid. Spacecraft must take 
care when re-entering the atmosphere of Earth and 
ensure they approach at a specificangle of entry. Too 
shallow and they will bounce back off the 
atmosphere, but too great and they will burn up 
during re-entry. 


This photo, taken by the US Air 
Force, shows Apollo 8's return to 
Earth in 1968 
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Most ballisticre-entry spacecraft return to Earth at 
approximately 25,ooomph (40,o0okph), encountering 
temperatures up to 3,000 °C (5,400 °F). As most metals 
would melt at this temperature, the base of the 
spacecraft is made ofan ablative material that burns 
as re-entry occurs and radiates heat away from the 
spacecraft. These are often made of materials suchas 
phenolic resins and silicone rubbers. 








Heat shield 


During re-entry a spacecraft 
will typically experience a 
temperature that rises past 
3,000°C (5,400°F), which 
would melt standard metals 
suchas aluminium and 
steel. To overcome this 
problem the heat shield was 
developed, to dissipate heat 
from the spacecraft by 
burning on re-entry. Ablative 
heat shields, such as those 
that were used on NASA’s be oat SA int 
Apollo and Mercury 
spacecraft, are normally 
made ofa carbon phenolic 
resin that completely burns 
on re-entry, carrying heat 
away from the spacecraft as 
it deteriorates and keeping 
the occupants inside 





After surviving atmospheric re-entry, spacecraft 
that cannot glide to the ground use parachutes to slow 
their descent. Russian Soyuz spacecraft usually 
perform a soft landing on the ground, but most 
spacecraft touch down in the sea, where they are 
recovered. A rare few unmanned spacecraft 
containing sensitive cargo such as photographic film 
are recovered in midair by anaircraft. 


relatively safe from heat 
outside. This is not re-usable 
but some spacecraft, such as 
the space shuttle, use 
fibreglass tiles capable of 
absorbing heat, which do not 
need to be replaced after 
every flight. 
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FACTS 


RE-ENTRY 


Soyuz 1 


Lone cosmonaut Viadimir 
Komarov perished in 1967 
when the parachutes of 
Soyuz 1 tangled during 
re-entry following some 


Soyuz 5 


In 1969 when a module failed 
to separate, Boris Volynov’s 
spacecraft re-entered in a ball 
of fire until it righted itself and 
crash landed, Volynov 


Soyuz 11 


In 1971 the Russian Soyuz 11 
spacecraft failed to 
depressurise properly in orbit, 
killing all three of the crew 
prior to re-entry, the only 


Columbia 


In 2003 a piece of foam 
pierced the left wing of the 
space shuttle Columbia 
during launch. Atmospheric 


gases tore it apart during re- 
entry, killing a crew of seven. 


Genesis 


The sample return capsule of 
NASA's unmanned Genesis 
spacecraft failed to deploy 

its parachutes during re-entry 
in 2004, and crashed in the 
Utah desert. 








DISASTERS problems in orbit. suffered only broken teeth. astronauts to die in space. 
DID) OU/KNOW 2 
Overshoot boundary y | Re-entry corridor 


To survive the extremes of an atmospheric re-entry, a spacecraft 
must be carefully guided to ensure itis within a specific trajectory. 


Ifaspacecraft approaches the 
Earth above this boundary, it 
will fail to be slowed by the 

drag of the atmosphere. 


Undershoot 
boundary 


Aspacecraft outside 
this boundarywill 
generate intense 
heat and high 
g-forces that will 
disintegrate and 
burn up the craft. 


Re-entry 
corridor 


When a spacecraft re-enters 
Earth's atmosphere it must be 
between two clearly defined 
boundaries, to prevent it 
burning up or missing its 
chance to re-enter entirely 


Deceleration too high 
Ifthe angle of entryis too high, the 
spacecraft will hit the Earth’s 
atmosphere almost head-on and 


Drag too low decelerate too fast. 
Aspacecraft 

without enough 

drag will followa rere . 
trajectory past the Ballistic or glide 
surface, and may Mostre-entries are ballistic, where the 
not have enough spacecraft falls directly into the atmosphere, 


but some -like NASA’s space shuttle - perform 
aglide re-entry atashallowerangle. 


How It Works FANTASY ives 


At top speed, how do these vehicles 
match up to a spacecraft when travelling 
from Los Angeles to New York? 


fuel for re-entry. 


Spacecraft re-entry 25,coomph 


SR-71 Blackbird 2,:90mph 
















































Design history 


Different spacecraft designs 
have been tested over the 
years, to provide the ideal 
method for directing hot 
atmospheric gases away from 
the vehicle during re-entry 


“Initial concept: ° 
1950- ep 


Needle 

Early tests focused on needle designs, but 
these burned up too quickly on re-entry as 
too much heat was transferred. 


Shockwave 

Blunt-body designs allowed heat to be 
deflected away, increasingits dragand 
creating a shockwave. 


Missile 
1953-1957 


Heat-sink 

Early missiles used a blunt-body design 
witha heat-sink material such as copper 
to dissipate and absorb heat. 


Ablative 

A flattened and ablative (burnable) 
leading edge, made ofa phenolicresin, 
subjected the spacecraft to even less heat. 
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“An all-terrain behemoth 
that will join astronauts on a 
mission to the moon in 2020” 














It may only be Arizona, but these 
testruns will help the 
effectiveness of the Lunar Electric 
Rover when it’s finally used 































The size ofa pick-up truck, with 12 wheels that measure about 12cm which are hard to see, that could cause the truck to lift several metres into the air 


in diameter each, with a front chassis that rotates in all directions, -since the 3,000kg vehicle will weigh only 500kg on the moon - which has 1/6 the 
the Lunar Electric Rover is an all-terrain behemoth that will join gravity of Earth. Other hazards include solar radiation, especially for remote 
astronauts ona mission to the moon in 2020. experiments, which was also a concern for previous lunar landings. 


In September, NASA tested the first prototype lunar truck at the Black Point 
Lava Flow in Arizona. The vehicle, which weighs 3,o0okg and stands three 
metres high, is capable of rambling over boulders with ease, and also featuresa 
wide viewing glass in front of and just below astronauts. According to Barrett S 
Caldwell, an associate professor of industrial engineering at Purdue University 
briefed in the project, the lunar truck isa bold step for NASA to help astronauts 
conduct long-term scientific experiments on the moon, drive for hundreds of 
kilometres, and explore any anomalies. 

“The lunar tuck allows astronauts to live ina warm, safe, and healthy 
environment, drive toa spot on the surface, get into their suits, and conduct 
experiments,” says Caldwell. 

The lunar truck will be powered by solar panels, and energy will likely be 
stored on fuel cell batteries that have not even been invented yet. Astronauts will 
have to plan excursions using the power obtained from sunlight for 14 days ata 
time (the moon has 14 days of sunlight followed by 14 days of darkness). Caldwell 
says the roving vehicle will act like a remote space station and provide beds, 
kitchen, and ‘sanitary’ facilities for astronauts, who can wear shirt-sleeves and 
socks to conduct lunar missions. 

One of the main hazards for driving on the moon has to do with lunar soil 
blocking the views from the vehicle and seeping into the engine. Astronauts will 
carefully plan missions and the vehicle will be sealed from abrasive sand. The 
‘extreme off-road’ truck will use steel-enforced tires that do not require air 
inflation, says Caldwell. Astronauts will drive the truck only a few kilometres per 
hour, although it is capable of going about ten per hour or more. During missions, 
astronauts will have to be leery of large rocks and massive drop-off ravines, 
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The Kepler telescope 








The Kepler mission 



























The telescope on the 
-, 1.Sunshade 
lo okout for planets fit The sun shade prevents ambient sunlight 
. affecting Kepler’s photometer so its results 
for human life are as accurate as possible. 


2. Photometer 

The photometer observes changes in 
the brightness or stellar magnitude of 
stars, caused when one of their planets 
occludes them. 


3. Radiator 

The radiator keeps Kepler's 
CCD units (its imaging and 
light-detecting units) cool by 
siphoning off heat. It always 
faces the coldest side of 
Kepler's orbit. 


Ever heard of the Goldilocks 
(2) Zone? Well, ifyou haven't, let 

us fill you in: it’s aname given 
to anarea around astar where it’s 
warm enough for water to be liquid, 
also knownas the circumstellar 
habitable zone. In other words it’s 
similar to Earth’s orbit around the Sun, 
and therefore may offer just the right 
conditions for supporting life. Some 
scientists also believe that such 
planets need to exist within galactic 
habitable zones, places where there 
are the necessary heavy elements to 
form rocky planets. Planets within 


Meee The Statistics 
: y ? Kepler telescope 


Launch date: 7 March 2009 
Mission length: 3.5 years 
Orbit: Earth-trailing solar 


4. Star trackers 
Kepler's star trackers 
monitor the position 
of the stars it’s 


Goldilocks Zones could be capable observing, seh 
ofsupporting extraterrestrial life or, notably Deneb, es meas ae Be) 
with the right kind ofatmosphere Vega and 16 trope anes 


Mass: 1,039kg 
Mirror size: 1.4 metres 
Resolution: 95 megapixels 


and gravitation, human colonies CygniB. 


from Earth. 

This is what the Kepler mission is 
looking for - planets with the potential 
to support life, either alien or human. 
Its aim is to look at the planetary 
systems arounda range ofstars and 
gather data ona wide variety of factors, 
suchas the behaviour of gas giant 
planets, but one ofits most particular 
objectives is to identify Earth-sized or 
larger planets in or nearastar’s 
Goldilocks Zone. 

Kepler itselfis a space telescope 






5. Solar array 
The solar array is 
adjusted at solstices 
and equinoxes to ensure 
that Kepler’s radiator is 
still facing deep space. 

LJ 


Inside 


akin to Hubble. It follows the Earth ata 6. High gain 
distance of one AU (Astronomical Unit antenna 
or 92,955,887 miles, the average th Ki i Used for sending data 
distance from the Earth to the Sun) in e ep er signals back to Earth. 
an orbit around the Sun, taking t i 

slightly longer than an Earth year to e escope 7. Thruster modules 
complete a circuit. Launched in March Thruster modules provide 


Find out what makes up the 
Kepler space telescope 


propulsion that allows Kepler to 


2009, it’s designed to observe planets Hight its orbit when ral 


crossing across the face of their stars. 
The size ofa planet affects the amount 
it dims the light from its parent star 
when occluded by it; Kepler is looking 
for relatively tiny fluctuations in the 
star's light - around 0.01 per cent ofits 
stellar magnitude. 

The Kepler space telescope looks at 
one particular area of the sky which is 
not affected by light from the Sun from 
the angle at which Kepler observes it. 
This is because it uses a photometer to 
measure the light ofstars, and sunlight 
would drastically affect the results. 
The star field it primarily observes is 
made up of the constellations Cygnus, 
Lyraand Draco. 


Where is Kepler looking? 


Kepler looks out into a star field 
oma spiral arm of the Milky Way, 


galaxy, anarea like our owniny sf 
ae 
. 


which the chance offinding , 
rocky planets with liquid water is i. . 
higher thanks to the distribution Kepler Search pees 
COOMA Berle SLeevceler Aol Mee RR SME Nelolol irate ee is 
galacticarms. The constellations. _— La 

Kepler looks at are primarily 

Lyra, Cygnus and Draco, seen in 

Earth’s northern sky. 





Images courtesy of NASA 
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First five 
Here’s five of the 
planets Kepler has 
found. RE stands for 
Earth Radius, and 
denotes their size... 


Kepler 4b 
Temperature: Size: 
1,650 Kelvin 3.99 Re 
Details: This Neptune- 
like planet orbiting the 
G5V-class star Kepler 4 is 
the smallest discovered 

so farat only three times 
the size of Earth. 


Kepler 5b 


Temperature: 
1,868 Kelvin 
Details: Larger 
than Jupiter 
and orbiting 
the star Kepler 
5 in the Cygnus 
constellation, this 
planet orbits its parent 
star in just 3.5 days. 


Kepler 6b 


Temperature: 

1,500 Kelvin 

Details: Also in 
Cygnus but 

orbiting the star 
Kepler 6 is Kepler 

6b, asimilar size to 
Kepler 5b and orbits in 
just three days. 


Kepler 7b 


Temperature: 
1,540 Kelvin 
Details: 50 per 
cent larger 
than Jupiter 
but with only 
halfits mass, 
this intriguing 
planet orbits Kepler-7 in 
the constellation Lyra. 


Kepler 8b 


Temperature: 
1,764 Kelvin 
Details: The 
hottest 

exoplanet of 

the five, it orbits 
the star Kepler 8 
inthe constellation 
of Lyra. 








Size: 


14.79 Re 


Size: 
16.52 Re 













Sizes “ 
compared 


: Jupiter 
to Jupiter 
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“They re taken for a joyride in the 
infamous (es Lore <a ‘the CES ee 


eee 
EXPLORATION wonder’, oka ‘the vomit comet 








e ee Sioemcratinnt alc erates 3 % a Virtual reality programs let 
I f Ou. think Ou simulator in front ofa full-sized ‘ PES eoneliicyoc: aaleca nto 
yi y' projection of interactive International jeer tite Mb undreds of 
h avi e wh a t i t t alkes Space Station components \ . s times before flight 


to be an astronaut, 
think again 
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1 It's been nearly halfa century since Russian cosmonaut Yuri Gagarin became the first 
man inspace, but with the rare exception of a few billionaire civilians, space travel is 
bn stilla well-guarded privilege. 
“ — AsNASAinitiates a new long-term mission to return to the moonand push on to 
Mars, the space agency is looking for a few good men and women who contain the rare mix of 
hyper-intelligence, marathon stamina and good old-fashioned guts to board the brand-new Ares 
I-X rocket and blast off to the uncharted depths. # 
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This huge centrifuge 

doesn’t testthe g-force 
TestefeecieceeeUicMotls P 
replicates up to3.5g for 84 SS 
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NASA astronaut training is like cramming 
for final exams at MIT while 
simultaneously enduring basic training for 
the Green Berets. Candidates begin their 
training in the classroom, taking advanced 
courses in astronomy, physics, 
mathematics, geology, meteorology and 
introductions to the Space Shuttle 
guidance and navigation systems. Sorry, 
no poetry electives. 

Both pilots and non-pilots are trained to 
fly T-38 jets, highly acrobatic aircrafts that 
canreach 50,000ft. Pilots must log 15 hours 
of flight time a month, plus extra practice 
landing the Shuttle Training Aircraft (100 
more hours). Non-pilots must log a 
minimum of four hours a month in the T-38. 

But before astronaut candidates even 
step foot ina flight simulator, they need to 
be trained in military water survival. That 
means scuba certification and the proven 
ability to swim three lengths of an Olympic 
size pool in full flight gear and shoes. To 
cover all contingencies, astronaut 
candidates are also trained in wilderness 
survival, learning how to navigate by the 
stars and to live on nuts and berries. 

WUetcaKeauebc-wemme (oa ieM LORY r-16 ROU 
the weaklings, candidates are subjected to 
extremes of high and low pressure and 
trained to deal with the ‘consequences’. 
Then they're taken for a joyride in the 
infamous KC-135, aka ‘the weightless 
wonder’, aka ‘the vomit comet’, to 
experience 20-second shots of 
weightlessness. Some people love it, some 
people are violently sick. 

After that it’s time to brush up ona 
couple dozen equipment manuals in 
preparation for intense training with full- 
size, fully functional simulators, 


everything from flight controls to hydraulic 
arms, even down to how to use the toilet. 
Every single astronaut candidate is trained 
in every phase of space flight, ranging from 
pre-launch diagnostics to emergency 
landing procedures. 

Candidates also trainin the Johnson 
Space Center’s Neutral Buoyancy 
Laboratory, an immense pool that 
faithfully simulates near-weightlessness. 
Here, they prepare for both the 
extraordinary and mundane aspects of 
space life. They conduct underwater ‘space 
walks’ in full space gear and practice 
making freeze-dried snacks in the tiny 
Shuttle kitchen. 

Finally comes the mission-specific 
training, where each member of the team 
runs countless simulations within his or 
her area of expertise. Scientists conduct 
their experiments over and over. Engineers 
do hundreds of mock space walks to make 
repairs to space station components. And 
pilots pretty much live in the flight 
simulators. After two years of full-time 
training, the candidates receive a silver 
lapel pin indicating they are officially 
astronauts. After their first flight, it’s 
swapped fora gold one. 





This centrifuge is designed to test the effects of 
linear acceleration on visual function in space 
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Americanand Russian 
astronauts train for 
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So you want to 
be an astronaut? 


In the late Fifties, when NASA 
began its internal search for the 
first seven astronauts, it drew 
from the ranks of the most 
experienced Air Force pilots. A 
lot has changed since the dawn 
ofspace flight, and so have the 
résumés of modern astronauts. 

There are still some military 
pilotsin the ranks, but they‘re in 
the minority. Today’s astronauts. 
are more likely to be academics, 
scientists and engineers ofall 
stripes - particularly 
astronautical engineers. 

Astronaut candidates are 
chosen through a rigorous 
application process and there is 
no career path that guarantees 
admission into the programme, 
although many current 
astronauts work for years within 
the NASA research and 
development ranks before 
suiting up themselves. 









Ss at the ready! 

Becoming an astronaut isn’t easy. Firstly you'll have to be selected 
from thousands of applicants, and if you're successful train for two 
years, after which you may be chosen for an astronaut programme. 
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Nin ade) eta 
fo) Mafaym.V ON One 
EXPERIENCED 
ASTRONAUTS IN 
HISTORY 


1.Gherman _ 
Stepanovich Titov 
Age: 25 

Facts: Only the second man 

in space after Yuri Gagarin, this 
charismatic young Russian 
cosmonaut the first to make 
multiple or! 7, in fact) of the 
Earth on 6 August 1961. He is 
probably most famous for his in- 
flight exuberance, repeatedly 
calling out his codename: “| am 
Eagle! | am Eagle!” 


2. John Glenn 

Age: 77 

Facts: On 20 February 1962, John 

Glenn piloted NASA’s 

very first manned orbital mission 

of the Earth, whipping around the 

globe three times in under five 

hours. Fast fo 

29 October 19! 

retired US s second 
ce flight, a nine-day mission 

exploring - among other things - 

the effects of space flight on the 

aging process. 


MOST TIME IN SPACE 


3. Sergei 
Konstantinovich 
Krikalev 

Total duration: 803 days 


all cornnetteral in ae 

y of most time spent in 
space. H Ss 
between 1985 and 2005, 
notching up over two years in 
space, including the first joint 


he Gagarin 
Cosmonaut Training Center in 
Star City, Russia. 





se) 













Allimages © NASA 








HOW IT 


‘PLOR, NF 


\TION 


— 











ea 


De 
LI LS 











“MESSENGER's mission 
comprises six main goals, 






Anartist’s impression of MESSENGER 
approaching Mercury 














Discover the first spacecraft to 
explore Mercury since 1975 


MESSENGER, an acronym short for 
MErcury Surface, Space 
ENvironment, GEochemistry and 
Ranging, isa probe launched by 
NASA in 2004 to study Mercury. After a journey 
of 7.9 billion kilometres (4.9 billion miles), 
MESSENGER finally entered Mercury’s orbit on 
17 March 2011. 

Mercury has remained one of the most 
mysterious planets in the solar system, not 
having been studied closely since Mariner 10's 
flybys more than three decades ago. In addition 
to being the smallest inner planet, Mercury is 
also the most dense and has the oldest surface. 
Scientists believe that learning more about 
Mercury will help us to better understand how 
the other terrestrial planets - Venus, Earth and 
Mars-came to be. 

MESSENGER’s mission comprises six main 
goals. It will determine the structure of 
Mercury's core, reveal why the planet is so 
dense, find out the nature ofits magnetic field, 
measure the gases in the exosphere, solve the 
mystery of unusual materials at the poles, and 


© 
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delve into the planet's geologic past. Although 
launched by NASA, MESSENGER was designed 
and built at the Applied Physics Laboratory at 
Johns Hopkins University. It carries seven 
instruments to collect data and images, housed 
together on a small pallet. MESSENGER also has 
two rotatable solar panels, which generate 
energy stores in batteries, as wellasa large 
thruster for deep space manoeuvres, four 
smaller thrusters for steering, deep space 
transponders and antennae for communication 
and an integrated electronics module that allows 
it to be controlled from the ground. 

MESSENGER had already made some 
significant discoveries before entering Mercury's 
orbit. During the flybys of the planet, the probe 
surprised NASA by revealing that the upper layer 
of Mercury’s atmosphere contained water. It also 
collected data suggesting that the planet hasa 
liquid core and may have had volcanic activity in 
the past. MESSENGER is scheduled to send back 
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data and images from Mercury’s orbit for one e me (04 
year. When it is no longer operational, the probe mine 


will eventually crash into the planet. 
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1, Mariner 10 
Agency: NASA 

Launch date: 3 Nov 1973 
Mariner 10 was the first 
spacecraft to explore 
Mercury, as well as the first 
to visit multiple planets. 





2. MESSENGER 
Agency: NASA/Applied 
Physics Laboratory 
Launch date: 3 Aug 2004 


3. BepiColombo 
Agency: ESA/JAXA 
Launch date: 2014 
Named after the scientist 

Bq who developed the gravity 
ssist technique, this is still 
(2) in the planning stages. 









Voyage to Mercury 


NASA didn’t send another spacecraft to explore Mercury for so long 
because it would have required a very large, powerful launch 
vehicle and too much fuel for the mission to be practical. In 1985, 
scientist Chen-wan Yen suggested a trajectory that would 
ultimately allowa probe to launchas part of NASA’s low-cost 
Discovery program. The probe could not be launched ona direct 
path to enter Mercury’s orbit, because the gravity of the Sun would 
have accelerated it right past the planet. Instead, ina series of flybys 
(of Earth, Venus and Mercury itself) the probe used each planet's 
gravity field to slow down. Deep space manoeuvres, in which 
MESSENGER fired its rocket thruster for anywhere from a few 
seconds to a few minutes, allowed the probe to speed up when 
necessary or change course. While it took almost seven years to 
reach Mercury, this also meant that the probe used very little fuel. 


This first image taken from Mercury’s orbit 
was shot by MESSENGER on 29 March 2011. It 
shows the planet's southern hemisphere, 
including a bright crater called Debussy’ 





MESSENGER flybys and 
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fly-by 


deep space manoeuvres 


1. Earth flyby and DSM 1 

The Earth flyby took place on2August 
2005. Then the probe made its first DSM by 
firing its large thruster to change trajectory 
towards Venus. 


2. Venus flybys and DSM 2 
On 24 October 2006 and 5 June 2007, 
MESSENGER conducted flybys of Venus. 
Another DSM resulted ina course 
correction to put the probe closer to 
Mercury’s orbit. 


3. Mercury flyby 1 and DSM 3 
The probe reached Mercury 0n14 January 
2008, then fired its thrusters again to 
speed things up for another flyby. 


4. Mercury flyby 2 and DSM 4 
On 6 October 2008, Mercury conducted 
another flyby of Mercury. A fourth DSM 
slowed the probe to allowit to be 
‘captured’ by Mercury's gravitational field. 


5. Mercury flyby 3 and DSM 5 
The third and final flyby of Mercury took 
place on September 29 2009. The fifth DSM, 
on 24 November 2009, slowed the probe 
further for entry into Mercury’s orbit. 


Hiding near 
the Sun 


As the innermost planet, Mercury's orbit gets 
no further than 70 million kilometres (43.5 
million miles) from the Sun, compared with 
Earth’s 152 million-kilometre (94.4 million- 
mile) orbit. This closeness means that the 
planetis difficult to see from Earth, because it 
gets lost in the Sun’s glow. It can sometimes be 
seen during sunrise or sunset, depending on 
your location and the time of year. 


Energetic festicis and plasma M ESSENG ER 
spectrometer (EPPS) an atomy 
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The EPPS uses two different spectrometers 
to measure charged particles. One 


measures them in the magnetosphere and * 
the other measures them on the surface. ~ Solar panel 
= These two solar panels provide 
. 640 watts of power, whichis 
| Gamma ray and neutron stored in11 on-board nickel 
spectrometer (GRNS) hydrogen batteries. 
GRNS measures gamma rays as : 
emitted by atoms struck by cosmic \ +s 
rays, as wellas variations in types of Sunshade 
neutrons struck by cosmicrays. 5 y The probe's sunshade 
a Se . ) protects its sensitive 
- RAL = te a? instruments from heat and 
boule) radiation from the Sun. 
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Mercury dual 
imaging system 

| (MDIS) 

» Thisinstrument 

\ comprises two 

)) cameras-one 7 
)) narrow-angleand one : 
\ wide-angle-thatwill m 

capture the entirety of 
| Mercury’ssurface. 





Magnometer (MAG) 
This instrument extends ona 
three-metre (10ft) boom, to measure 
Mercury’s magnetic field without 
interference from the probe's field. 







Mercury laser altimeter (MLA) 
The MLA measures the height of land formations 
and other features by detecting infrared laser 

light bounced off the planet's surface. 












Mercury atmospheric and 
surface composition 
spectrometer (MASCS) 
This instrument comprisesa 
spectrometer, which measures 
ultraviolet light, anda spectrograph, 
which measures reflected infrared 
light on the wavelength ofironand 
silicate materials. 













X-ray spectrometer (XRS) 
This instrument detects light on the x-ray 
spectrum on the wavelength of the 
minerals magnesium, aluminium, 
sulphur, calcium, titanium andiron. 
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How Hayabusa 
worked 


A multitude of system failures put 
the success of the probe in doubt 


High gain antenna 

Used for transmissions to and from 
Earth when Hayabusa was more 

DU RCLOM UM oe LW TNA 


Sample capsule 

The capsule’s heat shield was 
specifically designed to withstand the 
high-speed re-entry through Earth’s 
atmosphere, with parachutes deploying 
to bring it safely to Earth. 


Solar power panels 

The pressure of sunlight against the 
fey ats) MUM O este M CeMcy ects) ml ae \V/-] oUt] 
after the failure of its primary 
attitude-control system. 


— 4 ~ . aT et 





lon engines 

Four ion engines provided 
transport to and from Earth, 
intended for use in conjunction 
with the chemical engines. 


Chemical engines 
PWN Lace igs Rss) 
engines unusable, meaning 


Itokawa was chosen forits 
occasional proximity to Earth 
andits interesting iron and 
magnesium-silicate surface 


Hayab 


How the mission that seemed certain to fail 


Hayabusa had to limp home 
on its two remaining working 


returned the first asteroid samples to Earth 


The Hayabusa probe, built by the 

Japanese Aerospace Exploration 

Agency (JAXA), was launched ona 

# japanese M-V rocket on 9 May 2003 

from the Uchinoura Space Centre in Japan. Its 
mission was to become the first man-made 
object to return samples from an asteroid - in 
this case, Itokawa. To obtain the necessary 
speed to reach Itokawa 186 million miles (300 
million km) away, Hayabusa used its ion 
engines to orbit the sun for more than a year. 
This provided continual acceleration, and 
when it finally approached Earth again it 
performed a swing-by to propel itself towards 
the Itokawa asteroid. 

Communication to and from Hayabusa at the 
asteroid took 40 minutes, so it had to finish 
most ofits mission alone. Upon its approach it 
dropped a1ocm-wide sphere with a reflective 
surface onto Itokawa. By shining light onto the 
sphere, Hayabusa could calculate its distance 
to the ground. When a lander intended to 
retrieve samples failed, Hayabusa was 
instructed to hover close to the ground to kick 
up dust into its collector via its engines. 
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Upon leaving the asteroid it lost all 
propulsion, barring two ion engines in 
addition to acommunication failure with 
mission controllers. It eventually limped home 
three years behind schedule, with the probe 
burning up as planned in the atmosphere. The 
capsule containing the collected samples 
landed safely in Australia on 13 June 2010. 


ratte torent (es elped the 
Hayabusa probe complete its 
3 billion-mile round trip 


evant: Ua 


Sampler arm. = 
Originally intended to firea “= 

ball bearing into'the ground to 

om bo CIT s for collection, but 

= ' failed to dL io 








Scale of probe 
to average human 


While the probe burned up in 
the atmosphere, the capsule 
returned safely to Earth 


© JAXA/ Akihiro Ikeshita 











Technicians 


Galileo Space Probe =. 


liftoffat the f 
" - Kenned 

The first man-made object to : 

ever enter Jupiter’s atmosphere 


Space Center 
§) NASA launched the Galileo spacecraft, The Probe’s heat shield, made of carbon phenolic, 
which comprises the Galileo Orbiterand = wasable to withstand the 15,500°C ball of plasma 
Space Probe, atopaspace shuttleini989, | caused by this sudden deceleration, producing light 


— usinga38-month orbit of Venusand the brighter than the Sun’s surface. It remained active 

Earth's gravitational pull to gain the necessary for about 78 minutes as it passed through Jupiter's 
speed to reach Jupiter. atmosphere, losing more than halfits mass in the 

While the Galileo Orbiter was designed to orbit process before being crushed by the huge pressure. 
and study Jupiter and its moons, the Galileo Probe Wrapped in black and gold blankets to provide 
was released near Jupiter and was sent into the insulations and protect against micrometeorites, the 
gas giant itself. It entered the atmosphere of Jupiter Probe conducted nine experiments that measured 
at 30 miles per second (47kmps), the highest impact Jupiter’s atmosphericstructure. It discovered the 
speed ever achieved by a man-made object. presence ofa large amount of argon, krypton and 
Amazingly, Jupiter's gravitational forces slowed xenon. For these to form Jupiter would need to be ata 
the craft to 0.07 miles per second (0.12 kmps) in just temperature of -240°C, suggesting it once orbited 
four minutes. much further from the Sun. 


Heat shield - 
Toallow the Probe to get as far into Jupiteras nto 1 eo | re 
possible, its heat shield was coatedina 

Werte Case Las eT aCe cstee Cutting-edge technology and precise scientific 


measurements allowed the Galileo Probe to penetrate 
Jupiter’s atmosphere and become the first man-made 
object to explore the interior of the gas giant 


rats Angle 

The Probe had no The Probe had to enter 
propellantand could Flac Bo) dere ciexeb ered (exe) tshs} 
not manoeuvre itself. degrees to the 
Instead, itwas released horizontal. 1.5 degrees 
by the Galileo Orbiter higher or lower, and it 
five months prior to would have been 
arrivalona collision destroyed or bounced 


z i : The Probe was designed to 
course with Jupiter. idea) MAAS NA 


survive a 230 g-force 


eee enn) 

Nine experiments were on 

board the Probe, including < ' 

ameasure of the light ' yet al xy 

present in the atmosphere After78 minutes, the 

at different depths. intense heat in the 
atmosphere melted 







Galileo was 
launched on 
space shuttle 
Atlantisin1989 





The Probe 
contained six 
instruments to 
measure 


Jupiter's oF 


atmosphere 
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Image courtesy of NASA 
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“The 


have to be built tougher 


and more rugged than the hardiest 





Unmanned space 


They have made some of the most 
fundamental discoveries in modern 
science, but how do space probes work? 


On 4 October 1957 the former 
je) Soviet Union launched the 
2 world’s firstsuccessful space 


being crushed under the 
probe, Sputnik 1, heralding the start of immense pressure. 
the space race between Russia and the Not only do space probes 
USA. In the initial ten years the vast have to act as highly 


majority of man’s efforts to conduct 
scientific experiments in space were 
failures, and it wasn’t until the late 
Sixties that successes were achieved. 
While many were chalked up to launch 
failures, most couldn’t weather the harsh 
realities of space. 

Withstanding temperature extremes 
isa monumental task in itself. Of course, 
it’s not temperatures that pose problems 
for probes wanting to land inalien 
environments, they mustalso be capable 
of putting up with intense radiation and 
atmospheric pressures which fluctuate 
from pure vacuum to 90 times that of 
Earth’s surface pressure and beyond. 
Russia’s 1970 Venera 7 probe successfully 
landed on the surface of Venus and 


Whether a spacecraft 
ismanned or 

| unmanned will 
affect how itreaches 
[detebueloleyeuctsitbar-lac) 





If for any reason the spacecraft is not 


slowed then it will impact upon the 
moonat over 2,500 miles per hour. 


managed to send data back 
for just 23 minutes before 


sensitive scientific 
instruments, but they have to 
be built tougher and more 
rugged than the hardiest black box 
recorder. As such, the vast majority ofa 
space probe’s design is dedicated to 
sustaining itself and protecting its 
mission-critical systems. Ultimately their 
makers consider four fields of science 
while they’re under construction. 
Engineering (ultimately self > 
sustainability), field and particle sensing sates 
(for measuring magnetics among other 
things), probing (for specific ‘hands-on’ 
scientific experiments) and remote 
sensing, which is usually made up of 
spectrometers, imaging devices and 
infrared among other things. ™ 


Galileo's flyby 

of Venus 
provided new 
data on the planet 






Ni) black box recorder” 


robes 


Anartist’s impression of 
the Galileo space probe, 
launched by NASA 
in1989 


How spacecraft 
land on the moon 


Unsurprisingly, it’s not as easy as 
Wallace and Gromit made it look 


For any spacecraft to land successfully 
onthe moon many factors need to be 
~ considered, however, the most critical 
of these is deceleration. To carry a spacecraft 
out of the gravity well of the Earth’s 
atmosphere, massive upward thrust is 
necessary, a force only currently possible with 
arocket. However, when approaching the 
moon the massive velocity caused by the 
rocket (which has by now been detached), as 
wellas the moon’s gravitational attraction, 
means that the spacecraft’s velocity is so high 
that any sort of safe landing is impossible. 
Therefore, in order to land, the spacecraft 
needs to decelerate massively. To achieve 
this, the spacecraft uses additional braking 
rockets to change its velocity as itnears the 
moon’s orbit, slowing its speed of impact in 
order to land. 
Landing even with these velocity-altering 
rockets is not as straightforward as it may 
appear. Even with the reduced speed of the 


craft, in order to be classed asa successful 
landing all operational ability needs to be 
maintained after the impact, both in terms of 
onboard technology and any astronauts. If the 
spacecraft is unmanned then the speed of 
impact can be higher, up to 100 miles per hour, 
but ifthere are astronauts on board then that 
speed needs to be much reduced. If for any 
reason the spacecraft is not slowed - due 
mainly to technology malfunction - then it 
willimpact upon the moon at over 2,500 miles 
per hour, destroying it completely and killing 
allon board. 

Unfortunately, even ifthe landing is 
successful there is still then the problem of 
returning back to Earth after the mission. In 
order to achieve this yet another transported 
rocket is needed with enough power to 
counteract the escape velocity of the moon and 
break free, providing enough thrust to match 
the kinetic energy of the craft to its 
gravitational potential energy. 


1. Neil 2.Michael pg Sees 3. Buzz Aldrin 
Armstrong Collins A . The pilot of the Eagle 


was the second man 
to ever set to set foot 
on the moon, following 
“@ mission commander 

<= Neil Armstrong. 


Collins looked after the 

command modules 

while Aldrin and 

, 7 Armstrong landed the 
SM Eagle on the moon. 


The first man on the 

moon and commander 

of the Apollo mission. 

7 This was his second, 
== and last, space flight. 











MOYEOCLMAWP The Apollo 13 LM helped save the lives of its crew ofter a systems malfunction 





1. Antennas 


i 
The Lander had three different 
types of antenna: VHF (for 
communication), S-band 
steerable (to facilitate control 
. 


Lander 


The Apollo Lander was 
the landing module of 


of the Lander) and rendezvous 
radar (to facilitate rendezvous 
7 between the Lander and the 



























Command Module). 
a al = 
L ‘ 
2. Crew 
compartment 


The crew compartment was a 
pressurised environment that 
supported two astronauts in 


about 6.65 square metres. 

the Apollo spacecraft ee 
) The Lander, also knownas the Lunar Module 3. Ascent 

(LM), wasa two-stage craft built to separate from stage 


The ascent stage of 
the Lander contained 
a the crew cabin, 

navigation system, 
life support, thermal 
control system and 
the capability to 
return itself to the 
Apollo Command 
Module in lunar orbit. 


the Apollo Command and Service Module, and 
then travel to and from the moon’s surface. It first 
landed on the moon on 20 July 1969. Generally the descent 
stage was left on the moon, while the ascent stage crashed 
into the moon’s surface once the astronauts returned to the 
Command Module. Each of the 15 Apollo LMs had unique 
names. The Apollo 11 LM was named the Eagle, which 
explains why Neil Armstrong stated that “the Eagle has 
landed” when it touched down. 





The Eagle 
Lunar Module 
inalanding 
configuration _ 


4. Descent 
stage 

The descent stage 
contained the fuel to 
land on the moon, 
landing gear, a ladder 
to descent to the 
surface and materials 
for experiments and 
sample collection on 
the moon. 





Now boarding 
for the surface 
of the moon 


The Apollo Lander was a 
feat of technological 
engineering 


5. Fuel 

The Lander was powered by a rocket fuel 
called Aerozine 50. It is still used in spacecraft 
and rockets because it is a highly stable fuel 
with a low freezing point. 


uD 
6. Oxidiser 
Aerozine 50 is used in conjunction with a 
chemical compound called dinitrogen 


tetroxide, an oxidiser. The Aerozine 50 ignites 
upon contact with it. 


7. Landing gear 

Initial designs had three legs, which could have 
resulted in a toppling Lander if one was damaged. Five 
legs were preferred, but they made the Lander too 
heavy. Four was an acceptable compromise. 
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“The crew module will use 
parachutes ond air bags to allow 
g cushioned touchdown” 
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Space Shuttle’s successor 








The Ono 
spacecra 


How the oe for NASA‘s Space 


Shuttle wil 
) The primary goals of the Orion 
ie spacecraft, which has been contracted to 
technology company Lockheed Martin 
” byNASA, are to deliver crew and cargo to 
the International Space Shuttle and return 
astronauts to the moon after almost a 50-year wait. 
Orion is scheduled to make its first test flight before 
2014 and complete a lunar mission by the early 2020s. 

The Orion crew module is similar in design and 
appearance to the Apollo Command Module that 
first took astronauts to the moon. It is three times 
the volume of the Apollo module with the same 70° 
sloped top, deemed to be the safest and most reliable 
shape for re-entering Earth’s atmosphere at high 
velocity. The Orion module has a diameter of five 
metres anda total mass of about 9,oookg including 
the cargo and the crew, which increases or decreases 
slightly for missions to the International Space 
Station and the moon respectively. Unlike the 
Apollo module, which hada crew capacity of three 
people, the Orion module can carry between four 
and six astronauts. 

Attached to the crew module is the service 
module, responsible for propulsion, electrical 
power, communications and water/air storage. The 
service module is equipped with a pair of extendable 


Cs Orionspacecraft 
” will transportalunar 
\-landertothemoon 


bid é 
- <A eears 
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take us to the moon and beyond 


solar panels that are deployed post-launch in 
addition to batteries to store power for times of 
darkness. Like the Orion crew module, the service 
module is also five metres in diameter to providea 
clean fit between the two, and hasa mass of about 
3,700kg in addition to 8,300kg of propellant. 

Exerting 33,000 newtons (7,500 pounds) of thrust, 
the engine ofthe service module uses hypergolic 
fuels monomethyl hydrazine and nitrogen tetroxide, 
whichare propellants that ignite on contact with 
each other and require no ignition source. Another 
benefit of these propellants is that they do not need 
to be cooled like other fuels; they can be stored at 
room temperature. 24 thrusters around the service 
module willalso give it control to change its 
orientation in all directions, but these are almost 30 
times weaker than the main booster. 

Upon descent to Earth the Orion crew module will 
use a combination of parachutes and air bags to 
allowa cushioned touchdown on land or sea. The 
service module will detach in space and disintegrate 
in the atmosphere. The entire Orion crew module 
will be reusable for at most ten missions except for its 
ablative heat shield, which burns up on re-entry into 
Earth’s atmosphere to protect the astronauts from 
the extreme heat. 





























Orion 
Although Orion is currently 
still on schedule, there are 
several other private 
companies that are 
clamouring to provide NASA's | 
transportation to the ISS. Ul 


SpaceX Dragon 


One of the competitors, the 
Dragon capsule is currently 


and should be ready to 
transport crew members to 
the ISS within a few years. 











Launch abort 
Inalaunch pad emergency, 
this rocket will lift the crew 

module andallowitto 
parachute safely to ground. 


Heat shield 

The ablative (burns on re-entry) 
heat shield protects the crew 
moduleasit returns to Earthalone 
before the parachutes deploy. 


Airlock 

The top of the crew module 
allows docking with other 
vehicles suchas the ISS and 
lunar landers. 


Crew module 

Able to accommodate up to 
six crew members, this 
module provides a safe 
habitat for them to stay in 
during their journey. 


2015 
Low Earth orbit 


Service module 

This module supports the crew 
throughout their journey, 
providing life support and 
propulsion, before detaching 
upon Earth re-entry. 


Cargo 

Inside the service 

module, unpressurised cargo 
for the ISS and science 
equipmentare stored. 


Spacecraft adapter 
Connects the Orion 
spacecraft to the launch 
rocket, and also protects 
components in the 

service module. 


undergoing advanced testing 


©NASA 


+Provisional dates from NASA, subject to change. 


Boeing CST-100 


After losing the Orion contract 
to Lockheed Martin, Boeing’s 
capsule (similar in design to 
Orion) has been helped by 
$18m of funding from NASA 
and could launch by 2015. 


- 
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Dream Chaser 


Under development by the 
Sierra Nevada Corporation, 
this space plane won $20m 
from a NASA competition. It 
could land on almost any 
runway in the world. 










2019 
alec ela 
mission 
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to Mars 





X-37B 
This US military space plane 
returned from a seven-month 
orbit in December 2010 and 
made the first ever spacecraft 
landing by autopilot, but its 
intentions were unknown, 


The Launch Abort System 
will carry the crew module 
tosafetyinan emergency 


©NASA 


Moon/ Mars ¢ 
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EXPLORATION 


How this pioneering spacecraft works 


SpaceX Dragon 
capsule 





“The Falcon g is powered by 
nine Merlin engines” 





The first ever commercial spacecraft to 
leave and return to Earth explained 


With the NASA Space Shuttle 

retired in July 2011, several 

different companies have been 

competing to become NASA‘s 
choice for cargo and crew transportation to the 
International Space Station, and possibly 
beyond. In 2006 and 2009, NASA awarded the 
SpaceX company two contracts totalling more 
than $2 billion, paving the way for the Dragon 
capsule to complete its first successful orbit 
and re-entry in December 2010. 

Powered by acombination of solar panels 
and an advanced lithium battery, the Dragon 
capsule is large, allowing for the 
transportation of five to seven crewmembers 
or up to ten metric tons of cargo. It uses 18 
liquid fuel thrusters equipped with nitrogen 
tetroxide and monomethyl hydrazine to 
manoeuvre while in orbit. Like NASA’s Orion 
spacecraft, the conical shape of the Dragon 
capsule is deemed the best for Earth re-entry, 
while also allowing fora sizeable interior. 

One ofits defining features is a variant of 
NASA’s phenolicimpregnated carbon ablator 
(PICA) heatshield. SpaceX’s PICA-X heatshield 
advances on NASA’s design ina number of 
places, notably its significantly reduced cost 
and added reusability, allowing it to be used 
hundreds of times, whereas NASA's currently 
does not survive its flight. This shield protects 
the capsule as it re-enters Earth’s atmosphere 


7 Launch vehicles... 


at several thousand degrees centigrade and 
keeps the interior close to room temperature. 
Three oversized parachutes slow its descent 
to earth, although it can operate on only one if 
the other two happen to fail. However, while 


the capsule must land in water for now, SpaceX 


hopes to eventually develop thrusters that will 
allow the Dragon capsule to land on the 
groundas well. 


Itis hoped the Dragon capsule 
A ATU Rstole) eM ol=n-4 (308 oXcraneb tt leya] 
to dock with the ISS 





©SpaceX 














Nosecone 

Protects the spacecraft during 
launch before separating at the 
separation stage, andalso 
contains the mechanism for 
docking with the ISS. 


Launch abort 

Unlike NASA‘s Orion spacecraft, which 
uses a rocket to ‘pull’ the capsule offin 
an emergency, the Dragon uses its 
lower boosters to ‘push’ the capsule off 
the launch pad if required. 
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Heat shield 

Advancements in technology allow 
the PICA-X heat shield to be reusable, 
which provides protection from the 
heat in the Earth’s atmosphere. 


Parachutes 

Three parachutes, each 35 metresin 
diameter, deploy at3,000 metres and 
slow the spacecraft's descent to about 
five metres per second. 


Service cabin 
This unpressurised section contains the thrusters, 
fueland parachutes, remaining attached to the 


spacecraft for the duration of the mission. 
i 
Inside the 
Dragon capsule 


Trunk 

Allows for the storage 
ofunpressurised 
cargosuchas small 
deployable satellites. 
Also contains the 
solar panels, andis 
jettisoned before 
Earthre-entry. 














Solar panels 


Pressurised cabin Draco thrusters 





Space Shuttle Ariane5 Soyuz Falcon 9 Equipped with hatches and These provide precise control 
= windows, thissectionprovides  ofthespacecraft, enabling 

a) Russia Europe protection against radiation safe docking with the ISS and 

eee ae Cine and micrometeorites for crew areturn to Earth within a few 





and cargo. hundred metres ofits target. 














\ 
Elon Musk 
4 Elon Musk is the CEO of 

ws SpaceX and views space 
exploration as an important 
step in preserving the 
human race. He wants to 
set foot on Mars by 2030. 


Gene Kranz 


NASA's flight director during 
the Apollo moon landings, 
Gene Kranz is best known 
for managing the successful 
rescue effort of the famous 
Apollo 13 crew. 


Neil Armstrong Carl Sagan Wernher von Braun 
His first successful space Popularised space for the Often cited as the greatest 
flight in 1966 performed the masses in the Eighties with rocket engineer in history, 
first manned docking of two his TV series Cosmos, and is von Braun was the chief 
spacecraft, while his second famed for his description of architect of the Saturn V 
mission in 1969 made him the the Earth as an insignificant rocket that took Americans 
first man on the moon. ‘pale blue dot’ in space. to the moon. 





DOYOUKQMW!P By 2o12, Spacex will be able to build gd new Falcon g rocket and Dragon capsule every six weeks 
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SpaceX’s Falcon 9 rocket is responsible for taking 
the Dragon capsule into orbit. It has so far 
ony ercoRaUeaVeTU Cees AUBIN AULA LaNm ONT Ce) 
launches scheduled throughout 2012 and the 
years beyond. 
Developed from the ground up by SpaceX for 
esti NCOKe govt emt Ce ze¥ (Coney 


| Elon Musk, founder and 
CEO of SpaceX, with the 
impressive Falcon 9 
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“NASA's Viking programme was the 
first mission to return numerous 
Images and data from Mars” 


The Lunar Reconnaissance 


The LRO is the first step in NASA's new programme to return 
to the moon and extend man’s presence in the solar system 


Orbiter (LRO) follows in the 
Surveyor missions that preceded the 
missions were designed to allow NASA to 


The Lunar Reconnaissance 
2) hallowed footsteps of the 
— Ranger, Lunar Orbiter and 
Apollo missions, leading to man’s first 
steps on the moon. Like LRO these 
test new technologies and closely survey 
the moon’s surface on the lookout for 


me 


PUM clelee 
Technology Demon: ye 
advanced synthetic aperture radai 
that images the polar regions on 
the lookout for water ice and 
demonstrates the ability to 
communicate with 
Earth-based stations. 


suitable landing sites and areas of 
outstanding scientific interest. Since the 
LRO signals the start ofa newstage in 
NASA’s programme to create a lunar 
outpost and then take man to Mars, the 
science and technology required to 
achieve these goals is light years ahead 
of those famous missions of the Sixties 
and Seventies. Here’s a breakdown of 
exactly how the LRO works. 


— 







4. Lunar 1. Cosmic Ray Telescope for the 
Exploration Effects of Radiation (CRaTER) 
Neutron CRaTER will test the potential biological impacts of putting 
Detector (LEND) manon the moon for extended periods. This will help NASA 
LEND will create a map create protective technologies to keep the crew safe. 
of hydrogen deposits 
and gather data on the 
neutron component of 


the lunar environment to 
help find water-ice near 
the surface. 


7 
~ 







5. Lunar Orbiter 
Laser Altimeter 
(LOLA) 

LOLA will create a 3D 
map of the moon to 
allow NASA to 
measure and analyse 
the lunar topography, 
measure slopes on 
potential landing 
sites and determine 
iar leweet(e oon 


3. Lyman-Alpha 2. Diviner Lunar 
Mapping Project Radiometer 
(LAMP) Experiment (DLRE) 

An exciting experiment, LAMP LDRE will capture.data on 


6. Lunar 
Reconnaissance 
Orbiter Camera (LROC) 
LROC is designed to make hi-res images of the 
moon. Though these images are black and white 
and will only shoot around ten per cent of the lunar 
surface, details just 3.3 feet across will be discernable. 


The Persel 
meteor shower 


AM yeh testes wine 
surface in the ultraviolet 
spectrum. It'll be central to 
finding permanently 
shadowed regions that could 
contain permafrost. 


While annual meteor showers comeinall 
shapes and sizes, one commen theme is 
their radiant. Thisis the point in the sky 


from which this activity appears to 
emanate. In the case of the Perseids, the 
Veh VoL ead eCcKue voici canoes eats 


Understanding hail from the heavens 


The Perseids are one of 
@) amateur astronomy’s most 

awe-inspiring events. Every 

” summer, from the middle of 

July to the end of August, the Earth 
passes through the tail of comet Swift- 
Tuttle, causing minute particles of 
remnant dust to rain down on our 
atmosphere. Regardless of the fact that 
most of these particles are barely larger 
thana micron or two across, the speeds 
and forces involved cause these particles 
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to burn up with such force the light show 
can be seen across much of the northern 
hemisphere leaving contrails miles long, 
or (ifyou’re lucky) fireballs exploding 
like fireworks from space. 

Perhaps it’s nature’s way of reminding 
us quite how delicate the balance of life 
is here on Earth, or an interstellar clue as 
to the origins of our solar system, but the 
activity of the Perseid shower isa 
sobering reminder that catastrophe is all 
amatter oftiming. 


the surface (and subsurface) 
temperatures. As well as 
discovering ice deposits and 
potential cold traps it will 
also be able to spot dangers 
like rough terrain. 











BW YOOLITWP The Lunar Reconnaissance Orbiter launched from Cape Canaveral on 78 June 2009 











The Viking 


programme of the 
mid-Seventies was 
a triumph of space , 


exploration 


NASA's Viking 

programme was 

the first mission 

to return 
numerous images and data 
from Mars. It comprised two 
identical spacecraft, Viking1 
and Viking 2, each with an 
orbiter anda lander. 

Both launched using a 
Titan IIIE/Centaur launch 
system. Viking 1launched on 
20 August 1975 and reached 
Mars after a ten-month 
journey. The orbiter took 
images and transmitted 
them back to NASA, who 
used them to choose a site for 
the lander. On 20 July, the 
lander separated from the 
orbiter and landed in an area 
called the Golden Plain. For 
more than six years, the 
lander took images and 
collected data from the 
surface. The orbiter’s fuel ran 
out on 17 August 1980, while 
the lander shut down on 13 
November 1982 whena 
mistake during a software 
update causedits antenna to 
go down. 

Viking 2 launched on 9 
September 1975, reaching 
Mars orbit on 7 August 1976. 
The lander touched downin 
the Nowhere Plain on3 
September. Viking 2’s 
mission did not last as long as 
Viking 1; the orbiter shut 
downaftera fuel leak about 
two years after arrival, while 
the lander hada battery 
failure after three anda half 
years. Together, Viking1and 
Viking 2 provided more than 
50,000 photographs. *%* 


> 


NASA’s Vikin 
rogramme 


3. Solar panel 


use by the orbiter. 


2. Lander . 
After circling the planet for landing 
site selection, the lander detached 
from the orbiter and landed via 
parachute on the surface. 
iG 7. Star tracker 
The star tracker pointed the 
orbiter towards Canopus, a star 
= in the constellation of Carina and 
Argo Navis. 


The Vikin 
space probe 


A closer look at how 
the probes worked... 


Solar panels converted solar energy into 
about 620 watts of electrical energy for 


4. High gain antenna 

The high gain antenna communicated with 
ground control on Earth, sending back 
images and data. 


The Statistics 


Viking landers 


Viking 1: 20 August 1975 
Viking 2: 9 September 1975 
Launch site: 

Kennedy Space Center 
Launch vehicle: 

aiie-TaM I yA@x-ral eI g 

UTES Cey om Clare Ln 

Viking 1: 

4 years, 11 months, 28 days 
WAI care Wad 

1year, 10 months, 16 days 
Lander mass: 883kg 
Lander power: 620W 
















1. Attitude control thruster 
This thruster on the Viking orbiter was a 
small rocket engine that steered the orbiter 
towards Mars. 


6. Low gain antenna 

The low gain antenna was a secondary 
antenna, to be used if the high gain antenna 
failed. 





5. Thruster engine 

This engine burned a liquid 
bipropellant rocket fuel mixture to 
propel the orbiter. 


The Viking landers’ discoveries 


The Viking programme was the first truly successful mission 
to Mars, providing NASA with the first real data concerning 
the existence of water on the planet. Photographs showed 
large areas of erosion, channels and grooves in rocks, and 


river valleys. These were likely caused by massive amounts of 





water. Each Viking lander also carried four different types of 
experiments to test for signs of life on Mars, which included 
testing for carbon and gas concentrations in the soil. The 
results of three of the tests proved negative, while one was 
ultimately inconclusive. 


This panoramicimage was evo by . 
* Viking 1. It reveals large rocks‘and sand 
dunes on the surface ofMars, as wellas.” 


a layer of clouds below the fs 
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Humans have had a presence in space in 


Living in space is the ultimate 
mental and physical test of 
the human body. On Earth, 
the experience of being in 
space is almost impossible to replicate; 
the closest astronauts can get is to train 


aj 


underwater but, even then, the 
experience is a world away from that first 
journey into orbit or beyond. There’s no 
‘up’ or ‘down’ in space, so many of their 
sensory receptors are rendered useless, 
while materials such as water behave 
completely differently to how they do on 


Earth. So, how do astronauts cope, and 
what's it like to actually live in space? 
We're about to find out. 

Since Yuri Gagarin became the first 
man to leave the Earth in 1961, life in 
space has altered andimproved 
dramatically. Gagarin spent the entirety 
of his 108-minute flight encased ina 
spacesuit, but nowadays astronauts can 
wear the same shorts and T-shirts they’d 
wear at home. The first space station, 
Russia's Salyut (launched in 1971), saw 
astronauts eat food from freeze-dried 


poe some form or another for half a century, but 
Oy (EVeallereacopbepeemdatcnaeyenlocperslomelasens| 
steep learning curve. We take a look at what 
it’s like to live in space, and how we've 
adapted over the years 


packets and stay only briefly on 

the station in order to survive. Now, 
astronauts aboard the International 
Space Station (ISS) can eat pizza and 
curry, reuse and recycle many of their 
utilities and can stay in orbit for 
hundreds of days. 

Before the ISS there were many 
unknowns about living inspace. Indeed, 
on the earlier space stations Mir and 
Skylab, procedures and equipment were 
much less advanced than they are now. 
For one thing, it was quickly realised that 
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1. 803 days 
Russian Sergei Krikalev, 
aged 53, has spent a 
grand total of 803 days, 
B 9 hours and 39 minutes 
fj in space across six 


CUMULATIVE 


me 


ayaa 


to Head 


SPACE 


BZ) spent 437 days and 18 hours 


RECORDS 


© different missions. 








&} aboard the Mir space station. 


2. 437 days 


The record of longest single 
spaceflight in history is 
currently held by Russian 
Valeri Polyakov, 69, who 


| 4 3. 22 days 

 Veterok and Ugolyok 

jointly hold the record of 

longest canine 

spaceflight, spending 22 
jays in orbit in 1966 

J before returning to Earth. 










DOE? You grow taller in space because your spine elongates - some reports suggest by an inch in just ten days 





Space bodies 


How does living in space affect 


the human body? 





EARTH 
Orientation 

On the ground our 
inner ears and eyes 
help us to balance and 
coordinate ourselves. 


EARTH 
Blood flow 
On Earth, gravity pulls 
our bodily fluid 
downwards, making it 
poolin the lower part of 
our body, but various 
mechanisms ensure 
there isa sufficient 

flow to the brain. 


EARTH 
Muscles 
Our muscles are in use 
every day, moving our 
limbs and helping us pick 
up heavy objects, so they 
do not deteriorate. 


EARTH 
Bones 


Our bones support our 
body on Earth, withan 
adult human body 
containing 1,200g (4202) 
of calcium and up to 500g 
(1802) of phosphorous. 


astronauts must sleep near a ventilation fan. If 
they don’t they run the risk of suffocation. This 
is because, as they sleep, warm air does not 
rise ina weightless environment. Ina badly 
ventilated area they would be surrounded bya 
bubble of their own exhaled carbon dioxide. A 
regular supply of air (oxygen) is needed to 
allow for regulated breathing. 

Over the years sleeping methods have 
changed, from slumbering ina sleeping bag 
attached to a wall, on NASA’s Space Shuttle, for 
example, to having their own small 
compartment on the ISS. Sleeping isn’t easy, 

















SPACE 
Orientation 
Inspace the balance provided by 
theinner earis all but useless, so 

astronauts must rely on visual 
receptors. This can be 
disconcerting for the first few 
days in space, and can lead to 
space sickness. 


SPACE 
Blood flow 
Inspace bodily 
fluids are free of the 

effects of gravity, 
knownas ‘fluid 
shift’. They travel 
more easily toall 
parts of the body, 

~  oftenresultingina 
stuffynoseand 
puffy face. 


SPACE 
Muscles 
Inweightlessness an 
astronaut willhave 
less need for their 
musclesas they can 
move themselves and 
heavy objects easily. 
Muscles will quickly 
weaken without 
regular exercise. 


SPACE 
Bones 
Inazero-gravity 
environment, 
phosphorous and bone 
calcium are removed from 
the body during excretion. 
After ten days of 
weightlessness, 3.2 per 
cent of each bone’s 
calcium is lost. This 
decrease in bone density 
can lead to fractures, so 
exercise must be taken 
regularly to maintain 
theirstrength. 


either. Astronauts experience a sunrise and 
sunset every 90 minutes as they fly at 
24,945km/h (15,500mph) around the Earth, so 
clocks on the ISS are set to GMT and astronauts 
live their days just as they would on Earth. 
They work for over eight hours on weekdays, 
but on weekends they are given much more 
leisure time, although work muststill be done 
to keep the ISS safe and operational, in 
addition to checking on experiments. Life in 
space isn’t tough just for humans; animals 
have struggled as well. On NASA’s Skylab space 
station in the Seventies, spiders were taken up 


Anauthenticmockup ofthe Red 
Planet itself wasalso re-created 


How to mentally 
overcome a 
deep-space 
mission 


In 50 years of space exploration, the furthest a human has 
been from Earth is the far side of the moon. While 
astronauts have spent hundreds of days aboard the ISS, 
the complexities of tackling a deep-space mission are 
relatively unknown. Asa result, projects such as the Mars 
500 mission have been given increasing precedence. 

The Mars 500 mission was an important study to 


ascertain the mental and physical strain on humans in 
closed isolation on a long-haul trip. The mission was a 
joint project between the ESA and Russian Institute for 
Biomedical Problems, which ran from 3 June 2010 to 4 
November 2011. Six candidates were sealed in an isolation 
chamber for 520 days, the approximate journey time fora 
real trip to and from the Red Planet. The chamber 
contained several modules designed to replicate a 
Martian spacecraft and the surface of Mars itself. The 
volunteers were subjected to some of the conditions they 
would experience, such as delayed communications and 
confined quarters. The results will be used to develop 
countermeasures to remedy potential problems. 


Theastronauts carried 
out the same day-to-day 
routine they would ona 
real-life mission to Mars 


Space wasvery limited 
inthe Mars 500 ‘shuttle’ 
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“The ISS's life-support systems 
inst recycle as much waste as 
EXPLORATION _. possible, including urine” 


to see how they would cope ina 
weightless environment. While 
disoriented they still managed to spina 
web, even if it was a little wonky. More 
famous was the first living animal to be 


eee §AStronauts aboard the ISS experience 15 ‘dawns’ every day, but 
from Russia. Sadly, she perished in orbit, 


Suichraieer el epithe while they're on board the station they operate‘according to GMT so 
Somes they can stay indirect contact with the ground at operational hours. 
leash Lala proved thatantimals eal Here’s how a typical day pans out for an astronaut on the station 


survive in space, providing the basis for 
Gagarin’s later mission and all future 


human missions into the cosmos. re 


Each human consumes 0.9kg (2lbs) of ieee = 


' 7 
oxygen daily, which is enough to filla3.5 — aes > —% FTA conference/work 
















cubic metre (123.6 cubic feet) room, and 7 In the morning astronauts perform the first of their daily tasks 
drinks 2.7kg (6lbs) of water. Therefore, i) Fi assigned by ground control. They often have a daily conference 
the life-support systems on board the ISS , tf » where they discuss their jobs for the day. Their work consists of 
recycle as much waste as possible, | e, s 4 supervising experiments that would not be possible on Earth 

including that from urine and J } i or performing routine maintenance on.equipment to 


























condensed moisture in the air, both of : J a ensure thesurvival of the crew. On some days they take er i 
which are purified and reused, often fi G ~~ video calls from Earth. These are often simply to friends s : 
after being broken down by electrolysis S and family but, on rare occasions, they may talk to : 

to provide fresh oxygen. However, not all ’ » schoolchildren, the US president or even the Pope. ry i 
water can be reused, and thus Hs 


astronauts must rely on regular - A H ‘ 
re-supply vehicles to bring cargo to the ‘on sf , = ry oe ; 
station. These have been performed by ~ Ly ib ™ 5 
several spacecraft over the years, such as . bs 
NASA’s Space Shuttle until its retirement 
inJuly 2011, but they are now largely 
carried out by the ESA’s Automated 
Transfer Vehicle (ATV). The ATV brings 
fresh food, clothes, water and equipment 
to the station. Once the cargo has been : : ” 4 
delivered, astronauts fill the vehicle with c : , s p r 
5,896kg (12,998lbs) of waste and it is sent 
to burn up in Earth’s atmosphere. 
These are just some of the many ways 7 
that astronauts have adapted to lifein Teer ei eA Catia e, ready re eeteeereere ee F 
space, and as more and more time is Astronauts eat their first meal of the day, which is nothing like the 
spent on the International Space Station, freeze-dried food of the Apollo missions. Fresh fruit and produce 








our capabilities to perform ina are stored on the ISS, while tea and coffee are available in packets. 
weightless environment will no doubt Astronauts can wear anything from shorts and T-shirts to trousers ‘ : 
improve. The ultimate goal of sending and rugby shirts. However, there are no washing machines, so or e 


humans to anasteroid and Mars in the clothes must be allocated for specific days (although in such a clean 
20308 is looking like an increasingly CUT AUU AN aN RUAN Ler ei MV Cea ecevescolyelectecel 
achievable objective thanks to the of every three days, but'socks can be worn for up to a month, while 


tireless work of space agencies a pair of tnderwear must be taken for each day on the station. 
worldwide over the last 50 years. 


The ESA-built Cupola isa 
popular module where H 
astronauts can geta : 


Pence edna Post-sleep Seascececdoasetees’ 


Astronauts are woken up at 6am. On the ISS most astronauts have their 
own sleeping compartments, small spaces where the astronaut can lie F a 


vertically (although this doesn’t matter as there,is no ‘up’ or ‘down’ on the —¥ ea 
station). After waking they will getwashed and dressed before eating 

breakfast, much like a regular day on Earth. There is a shower on the ISS, a lf = 
although most washing is done with a simple wet cloth. In the shower, Nae 
water is squirted out from the top and,‘sucked’ byanairfanatthe’bottom, “~~ mi 
but water must be used sparingly. Grooming techniques such as shaving Fl om 


are difficult on the ISS, as surface tension makes water and shaving cream . rr ~ ~ 


stick to an astronaut'’s face and the razor blade in globules. 


PDT oO 








(adn) YAW LANL? 





































Physical exercise 


Astronauts must exercise regularly, at least 2.5 hours 
a day, to keep their body in optimum condition while 
in space.As explained previously, bones and organs 
can become frail and weak in a weightless 
environment. Therefore astronauts on the ISS havea 
variety of exercise machines, like treadmills and 
cycling machines, to keep them strong. 





Prolonged microgravity dulls tastebuds, and the 
white noise doesn’t help (like being on an aircraft), 
so foods with strong flavours (such as spicy curries) 

are often the preferred choice for meals. 


mt ’ 
rere Back to work 


On rare occasions astronauts will 
JoEe\CeR Kop (crc \V em Materi tLe lOvee eee 
extra-vehicular activity (EVA). For 
this astronauts will don aspacesuit 
and perform work outside the ISS. 
Before they leave they must exercise 
for several hours in a decompression 
det biela Cho cavoelmiicertsacetel 
the ‘bends’ on entering space. Work 
(o)biecy(o (ond aCeuciecleCoyeBecbertecpiceeny 
maintenance to installing or 
upgrading a component. 


Ss PE Tiree eee Pre-sleep 


e Bee In the evening astronauts eat dinner ina communal area. 
a This is animportant time for social interaction, as often 

many hours are spent working alone on the station. Before 

sleep, they also have a chance for a bit of entertainment, 

Which can range from watching a DVD to playing guitar. 


MPPTTITE PTT eee, | Ps ep 
In space no one can hear you scream, right? Well,in an 
orbiting craft, space is actually very loud, witha 
multitude of fans and motors ensuring that the space 
station remains in the’correct operational capacity. At 
2130pm astronauts head off to their designated sleeping 
compartments to grab some rest and, whilexeassuring, © 
these noises can take a while to get used to for 
astronauts staying on the station for the first time, much 
like living next to a busy main road on Earth. 
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Robots have moved 

from sci-fi to reality 
with alarming ease. 

. Buthowis NASAs 
robotic technology 
helping us explore 
the universe? 


S ) Use of robotic technologyin 
space goes back much further 
than Lunokhod 1, the first robot 

™ ever to land ona terrestrial body. 
7 Even the first unmanned spacecraft O 
@ (Sputnik) hadsemi-robotic components on 
board, although their capabilities were 
rudimentary at best. However, since the 
* cancellation ofthe Apollo programme, 

robots have all but replaced man at the 
cutting edge of space exploration. 

There are several key reasons for this; with 
cost being top of the list, particularly in 
today’s financial downturn. Robotic 
missions costa fraction of their manned 
equivalents, involve less risk and produce far 
more useful, empirical information. In 2009, 
, India’s firstunmanned lunar probe, 

* Chandrayaan-1, was found to have detected 

the probability ofice-filled craters on the 
moon, something the 12 US astronauts who 
actually walked on its surface failed to 
deduce at a cost of tens of billion of dollars. 
Neil Armstrong’s*one small step for man’ 
may have been symbolic, but the ‘great leap 
for mankind’ has since been accomplished 
by robots. NASA’s Mars Exploration Rovers 
have been the most successful Martian 
landers on the surface of a planet manis not 

* expected to reach for another two decades. 
x Robotic devices can be found operating in 

various forms; from satellites, orbiters, 
landers and rovers to orbiting stations such 
as Skylab, MIA and the current International 
Space Station. However, the most impressive 
ofall are the rovers, first used during the 
Apollo 15 missions in 1971. Devices like rovers 
still rely ona combination of telemetry and 
programming to function. However, as the 
distance they are expected to travel grows, 
making it harder to receive instructions from 
Earth, the importance of artificial 
intelligence in making such devices more 
autonomous will only growin future. # 
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NASA’s most 
ambitious strategy 
since Apollo 
continues apace 
with the Mars 
Exploration Rovers 


The Statistics 
a) fe 0 ne 
Dimensions: Length: 65cm, 
width: 48cm, height: 28cm 
Mass: 10.6kg 
Top speed: 0.07mph 
Misa sion: Exploration and 
(co dolclalnalciale=1i(e)a) 
Launch vehicle: Pathfinder 
Lander systems: 
Soft land and release 


berries) cL 
Abandoned on Mars 


There have been three Mars 
Exploration Rovers (MER) so 
far. The first was Sojourner, 
carried by the Pathfinder, 
which landed in1997 and 
continued to transmit data for 
84 days. The second and third 
(Opportunity and Spirit) 
touched down three weeks 
apartin 2004. Opportunity is 
now over seven years into its 
mission but Spirit, aftera 
productive start, is now 
permanently immobile after 
becoming stuck in mud. 
Opportunity is moving 
steadily across the planet 
surface, using software to 
recognise the rocks it 
encounters, taking multiple 
images of those that conform 
to certain pre-programmed 
characteristics. 






















| motor. However, 


| mechanism, Spiritis 


| stuckinred dust. 
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5. Wheelies 
Each of the MER’s six 
wheels has their own 








despite the improved 
‘rocker-boogie’ 


now permanently k 


eS 


- Sojourner 


Sojourner was the first truly self-sufficient rover, largely 
restoring NASA’s space exploration credentials when it touched 
down on Mars in July 1997. Although it only travelled 100 metres 
inits 84-day mission, this was 12 times longer than expected, 
producing a massive amount of data, including over 8.5 million 
atmospheric measurements and 550 images. 

tp > 


' 
* 


5. Don’t rock... boogie 
Sojourner was the first to usea 
‘rocker boogie’ mechanism, 
with rotating joints rather than 
springs allowing it to tip up to 45 
per cent without losing balance. 





Mars Exploration Rovers 


Only Opportunity is actually still transmitting 
from the surface of Mars despite some 
decidedly archaic components. Although 
reinforced against radiation, the 32-bit RAD 
6000 CPU and128RAM would sound meagre 


1. Gort 
___ When Gort used his death ray in 
1951's The Day The Earth Stood 
Still, audiences were terrified. 
\ Gort received his comeuppance 
by losing star billing to Keanu 
Reeves in the remake. 









even ina laptop. However, other aspects are 
still state of the art, including the aerosol 
insulated compartment that keeps vital 
equipment working through the -100° 
Celsius Martian nights. 


1. Click! 

Both MERs boasts a panoramic 

camera (Pancam) capable of 

1024x1024-pixel images thatare 
bain oome compressed, stored and 


<< a transmitted later. 
Se 2.Antenta 
FE oe Spirit and Opportunity use a low- 


gain antenna andasteerable high- 
gain antenna to communicate 
with Earth, the former also used to 
relay data to the orbiter. 


3. Power me up 

These MERs boast superior solar 
technology to Sojourner, with 140 
watt solar panels now recharging 
the lithium-ion battery system for 
night-time operation. 


4, Safeguarding science 
Agold-plated Warm Electronics 
Box protects vital research 
equipment, including miniature 
thermaland x-ray spectrometers 
anda microscopic imager. 






The Statistics 
Spirit/Opportunity 


Dimensions: Length: 1.6m, 
width: 2.3m, height: 1.5m 
Mass: 167kg 

Top speed: 0.11mph 
Mission: Exploration and 
experimentation 

Launch vehicle: Delta |! 
Lander systems: 

Guided and parachute 
Current status: 
Opportunity active, Spirit dead 
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a 1. Telemetry 
ae Sojourner relied ona single high 
; gain antenna to receive 


instructions from the Pathfinder 


2. Power up 

Top-mounted solar cells provided 

1 the power. However, the non- 
rechargeable D-cell batteries led to 
the mission ending. 


3. Payload 

Aheat-protected box surrounded 
the rover’s key components, 
including the CPU and anAlpha 
Proton x-ray spectrometer to 
analyse the 16 tests performed. 








4. Wheels in motion 












Sojourner’s revolutionary six- 
wheeled design took the rugged 
terrain in its stride. 


NSIT Tae ees 2. Robby 
I y = First seen in the movie 
&." Forbidden Planet, it was 
Robby’s star turn on 
Be the show Lost In Space 
= that made it TV’s first 
robot icon. 





Lander for the manoeuvres it made. 


Wea yanch 3. R2-D2 


Perhaps Hollywood’s most 
realistic robot in terms of 
ability, R2-D2 still managed 
w to interface with anything 
me and everything, from lifts to 





his SS MMB land-speeders. 


MSL: To _ 
Opportuni 

and beyona! 

OU elebe)relatsiales) 


Ata cost of $23 billion, the 
Mars Science Laboratory 
(MSL) is designed to go much 


further than the current i anshecdteseabe bse 
Opportunity and Spirit Dimensions: Length: 2.9m, 
MERs. Usinga sky crane width: 2.7m, height: 2.2m 
landing system itis Wu Beepesahe 

8 SY' Top speed: 0.05mph 
currently expected to Mission: Exploration and 


makea precision landing 
on Mars in mid-2012. The 
six-wheeled craft will 

then go on to spenda year 
determining whether Mars 
has ever supported life. 


(polls aatcyaleeidle)a) 

Launch vehicle: Atlas V 541 
Lander systems: 

Guided, powered, parachute and 
SS AVACI EIAs} 

Current status: En route 





1. Eyes and ears 2. Power saving 







MSLwillcarry eight Astate-of-the-art 
cameras, including two Radioisotope Power 
mast-mounted BW System (RPS) powers the 
models for panoramic3D MSL by generating 
images and four electricity from its own 
dedicated hazard cams. plutonium supply. 






el BO Is ge Eee: Bata. 
3. Ever- 4. Intel 5. Armed not 
increasing MSU's Warm dangerous 
circles Electronics Box MSL robotic three- 
Based on thesame protects vital jointed arm canwield 
principleas previous ©dvpment like the five tools, includinga 
MERs, MSLis far CPU, communications — spectrometer to 
moreagile, being interfaceand SAM measure elementsin 
able to swerve and (Sample Analysis at dust orrocksanda 
turnthrough360°on  Mars)whichliterally —_ handensimager for 
thespot. sniffs the air for gasses. magnifying samples. 
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oT 
BYee) cons alam WVU anata 
was the lunar rover, 
for a time the most - 
Iked-about hand- 
Ite | eet) (not) 
on Earth 


Although MnCracaietcct alittle more than 
sophisticated golf-carts compared to today’s 
Mars Rovers, their impact was immense; 
allowing astronauts and equipment to travel 
much further than on foot and carry,back 
rock samples that the Apollo 15-17 astronauts 
later returned to Earth. 

The lunar rever was first deployed on 
Apollo 15in 1971 and only four were reg 
built for a cost of $38 million (about $200 
million in'today’s money). Powered by two 
36-volt non-rechargeable batteries, the 
rovers hada top speed of eight miles per 
hour, although astronaut Gene Cernanstill 
holds the lunar land speed record ofan 

* impressive 11.2mph. All three rovers 
remained on the lunar surface after their 
mission ended.* 


This is what the 
caravan club will 
look like in 50 years 












Payload 
Large payload 


more for multiple 


docked together. 


ATHLETE vehicles 





s 


capacity of 450kg per 
vehicle, with much 


ie Minter rover was first 
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Lunokhod One ane Two | 


Apollo may have put Armstrong 
on the moon, but for robotics, 
Lunokhod was the benchmark 


Lunokhod1 was the first unmanned vehicle ever to land on 
a celestial body in 1970. The Russian designed and 
operated rover packed a lot into its 2.3 metre length, 
including four TV cameras, extendable probes for testing 
soil samples, an x-ray spectrometer, cosmic ray detector 
and evena simple laser device. It was powered by solar 
rechargeable batteries and equipped with a cone-shaped 
antenna to receive telemetry. It exceeded its mission time 
by lasting nearly 322 days, performing soil tests, travelling 
over 10.5 kilometres and returning over 20,000 images. 

Lunokhod 2 followed in 1973, an eight-wheeled solar 
powered vehicle equipped with three TV cameras, a soil 
mechanics tester, solar x-ray experiment, an 
astrophotometer for measuring visible and ultraviolet light 
levels, amagnetometer, radiometer, anda laser 
photodetector. Its mission lasted only four months before 
Lunokhod 2 overheated, however in this time it covered 
37km and sent back over 80,000 pictures. 


, Introducing 
the ATHLETE 


The competition for future robots in space is 
fierce, with commercial companies 
developing contenders like ATHLETE 


incorporating a central base and six 
extendable legs, mounted on wheels, 
allowing it to travel over a wide 
variety of terrains. Future plans 
include the addition ofa voice or 
gesture interface for astronaut 
control anda grappling hook to haul 
it up vertical slopes. ATHLETE’s 
modular design allows it to dock with 
other equipment, including 
refuelling stations and excavation 
implements. It also boasts a 450kg 
payload capability, making ita 


The Lunokhod1 looks like it might shout 
“Danger Will Robinson” any minute 





Currently under development by the 
Jet Propulsion Laboratory (JPL), the 
All-Terrain Hex-Legged Extra- 
Terrestrial Explorer (ATHLETE) is 
designed to be the next generation of 
MERs; bigger, faster and more 
versatile than the current models. 

It’s also the most striking to look at, 
about the same size as asmall car 
witha spider-like design 





Legs Walk powerful workhorse. 
R6-DOF legs for Capable of rolling The big cloud over ATHLETE is the 
generalisedrobotic  overApollo-like current recession which is now 


manipulation base 
can climb slopes of 
35° onrockand 25° on 
softsand. 


undulating terrain 
and ‘walking’ over 
extremely rough or 
steep terrain. 


placing the whole ‘Human Lunar 
Return’ strategy, for which it was 
designed, in jeopardy. 














1. Double take 
Robonaut 2's Boba 
Fett-like head 
containsall the 
optic technology to 
allow it toseeand 
transmit pictures 
back to base. 


SPAR Aerospace Ltd, a Canadian Hl 
company, designed, developed, * 
tested and built the Canadarm 

em = 


Remote manipulator systems (RMS) have 
been around since the Fifties, but it wasn’t 
until1975 that one achieved its own nickname. 
The Canadarm became both a symbol of 
national engineering pride for the country 
that designed and built it (Canada) and the 
most recognisable and multi-purpose tool on 
the Space Shuttle. 
] The Shuttle Remote Manipulator System (to 
give it its real name) is a 50-foot arm capable of 
lifting loads, manipulating them at small but 
precise speeds. It has been used extensively 
in Shuttle missions for a variety of purposes 
including ferrying supplies, dislodging ice 
from the fuselage and performing crucial 
repairs to the Hubble Space Telescope. 
Canadarm has never failed. Its successor, 
Canadarm2z2, isa key part of the ISS, used to 
move massive loads of up to 116,000kg. It is 
also useful in supporting astronauts on EVAs 
and servicing instruments. 
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1. WalleE 

Trust Pixar to make a robot 
that was both mechanical yet 
human-like. Wall-E’s rubbish 
collecting function was also 
perfect for an age before 
climate change scandals. 








2. Two’s company? 
Designed to assist humans and 
perform its own functions 
independently, this illustration 
suggests Robonauts may also be 
able to work together. Unlikely, 
but strangely unnerving. 


4. You need hands 
Robonaut's hands are its most 
challenging and sophisticated 

design feature. 


3. Legless in space 

‘ Robonaut1moved on 

wheels, Robonaut2is able 

/ p to operate using a variety 

rm of locomotion methods; 

i" | from wheels and buggies 

fp to being permanently 
fixed to external cranes. 


-. Itwillnever win awards foritslooks but (35% 
the Canadarm has worked harder than 
any space robot before 





EE" 3. Data 


! The world's most advanced 


= 
2 Ee android; gifted with a 
. a 


2. C-3PO 


Why anyone would think 
droid ‘campness’ more 
important than Al is anyone's 
guess. However, C-3PO's 
uselessness saw him survive 
all six Star Wars movies. 








positronic network and 
superhuman strength... and 
what does Data aspire to be? 
More human... come on! 
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Will we ever see a robot with 
real human abilities? 


When the original Robonaut was unveiled at 
the Johnson Space Center (JSC) nearly a 
decade ago, one glance at its Davros-like 
design revealed the glaring weakness. How 
could something ona fixed-wheel chassis 
really help in the demanding EVAs for which 
it was required? The answer, currently under 
development by JSC and General Motors, is 
called Robonaut 2. 

Robonaut 2 adds advanced sensor and 
vision technologies to do far more than basic 
lifting and moving, as currently performed by 
devices like the Canadarm. Whether helping 
with future repairs at the International Space 
Station, maintaining base stations for 
planetary landings, or doing hazardous jobs 
in the motor and aviation industries, 
Robonaut 2 is designed to literally work 
anywhere using bolt-on arm and leg 
appendages appropriate to the task at hand. 

























While not as dextrous as 
areal human hand, 
Robonaut 2’s hands have 
14 degrees of freedom 
and contain touch 
sensors at the fingertips 










“The primary goal is to 
determine if life ever 


Re 
EXPLORATION Qiovaucelon vena 


Is there life on Mars? 


robots 


The most extensive search 
for life on Mars yet 


The primary goal of the ExoMars mission is to determine if life ever 

existed on the Red Planet. The European Space Agency (ESA) and NASA 

are working together on several robots to probe the planet like never 

before, and provide unprecedented data on the history and current 
composition of this fascinating world. Itis hoped that the mission will provide the 
basis fora Mars Sample Return mission in the 2020s, and provide useful data fora 
planned human mission in the 2030s. 

The mission has been dogged by alterations and cancellations. ExoMars 
was initially intended to launch by 2012 in tandem witha Russian MUNK eh ial Mole aeM et AUoE- 
spacecraft. Now, however, ESA has teamed with NASA and will launch ‘ [oohent oo dec best CEL eh 
two ExoMars missions aboard two Atlas V rockets in 2016 and 2018. 

We take a look at the four machines that will travel to Mars in two 
missions, what their objectives are and how they will work. 









A’Sky Crane’ will lower the 
rovers to the surface 


geeeses PUT ya MV feyole ay -+------- 
Launch date: 2016 
















Testing for the prototype ESA 
rover is already underway 


) THE ROVERS fe 
Launch date: 2018 





The 2018 NASA-led mission willsee two rovers,one sample device can drill toa depth of 2m (6.5ft) to 
ESA-built and one NASA-built, work in tandem on retrieve soil and study the subsurface borehole. 
the surface of Marsin the same area. The rovers Four instruments (the Pasteur payload), crush the 
will arrive nine months after their May2018 launch __ soilintoapowder and study its chemical and 
date, travelling together but separating before physical composition, before data (1ooMbits per 
atmospheric entry. The objective for both rovers is sol) is sent back to Earth via the ESA’s orbiter. 

to land inan area of high habitability potential and NASA’s Mars Sample rover (MAX-C) is still very 


search for evidence of life beneath the surface. much in its concept phase, yetits goalis clear: 

The aim of the ESA roveris to perform retrieve samples of Martian soil for collection. The 
subsurface drillingand sample collection.Ground —_ mission raises the possibility that if the ExoMars 
control will give it targets to reach based on drill on the ESA rover discovers signs of biology ina 
imagery from the on-board cameras andinstructit  soilsample, the MAX-C rover could store the soil for 
to travel 100m (330ft) per sol (Martian day). Six collection by the Mars Sample Return mission in 
wheels will drive the rover in addition to adjusting | the2020sandreturn them to Earth. 
its height and angle, while gyroscopes and Following meetings in April 2011, NASAand ESA 
inclinometers will help it traverse soft soil. Its are considering combining the two rovers into one. 
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er! Teamwork exercise... 


DID YOU i. 
KNOW? 






> Earth to study soil samples from the Martian surface and 
' “ji determine if life could, orstill does, reside on Mars. 
~_ 


NASA, ESAand other space agencies are planning to collaborate on 
a Mars Sample Return mission post-2018. It willallow scientists on 












hine to search for life on Mars was NASA's Viking lander in 1976 

















The ExoMars Trace Gas Orbiter (TGO) will 
be transported along with the Entry, 
Descent and Landing Demonstrator 
Module (EDM). It is the first mission of the 
ExoMars program, scheduled to arrive at 
Mars in 2016. The main purpose of this 
ESA mission is to detect and study trace 
gases in the Martian atmosphere such as 
methane, water, nitrogen dioxide and 
acetylene. By locating the source of 
gaseous releases on the surface, the TGO 
will determine an ideal landing site for 
the EDM that will follow in 2019. 






seeeee MU YOM CH HO) is N i asgeceeneneee 
Launch date: January 2016 


The orbiter and lander will travel 
together but separate when they 
reach Mars 


Trace Gas Orbiter 





The TGO study the 
composition of Mars’s 
atmosphere 


The TGO will be 11.9 metres (39 feet) 
long and use a bipropellant propulsion 
system. Two 20m? solar arrays will 
provide 1,800 watts of power, in addition 
to two modules of lithium-ion batteries for 
when the orbiter is not in view of the Sun. 
Together, these two power sources will 
allow the orbiter to operate for six years 
until 2022. Two antennas provide 
communication with both Earth and the 
rovers on the surface of Mars, while 125kg 
of science payload will gather data from 
the Martian atmosphere. 





1, Atmosphere 

























The 600kg EDM will first 
encounter the atmosphere of 
Marsata height of120km (75 
miles) from its surface. 


One of the reasons for any mission to Mars is the search 
for evidence of life, but a huge obstacle is actually landing 
on the planet. Its gravity is just 38% that of Earth, and 
its atmosphere is much, much thinner. With that 
in mind, the ESA’s 2.4m (7.9ft)-wide Entry, 
Descent and Landing Demonstrator Module 
— aes (EDM) will include limited science 

. capabilities, instead focusing on 

cone - ~~ = performing a controlled landing and 

¥ demonstrating a safe and reliable 
method to do so. Itis more a tech-demo 
hitching a ride with the Trace Gas 

Orbiter than a standalone science 

station, but nonetheless it will provide 
data on future Mars landings. The science 
package that the EDM will deliver to the 
surface will operate for about nine days. 







The eight- 
eee ta 


3. Parachute 
A12m parachute slows it 
_ downtoabout thespeed 
ofa commercial airplane: 
1,225kph (76omph). 


2. Heat shield 
This provides protection 
during deceleration from 


— een 42,000 to2,450kph —— 
(26,640mph to1,520mph). 
—- 7. Landing site 

The modulewill touch 

down somewhere ina 
ih @ plainknownas the 
4. Release 7 Meridiani Planum. 
The front heat shield is " 
jettisoned from the 
EDM, followed by the 
rear heat shield. 


5. Radar a 6. Booster 


ADoppler radar altimeter Aliquid propulsion 


and velocimeter allows _@ system lowers the ‘ S 
theEDMtpinpolntts 6 cn a ea 


location above the surface. about15kph (gmph). 
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‘In 2o1o the budget for the 
ESA lies at £3.3 billion” 








Nah 
a alee) 





Animage of the ESA’s headquarters in 
lame cco OCcRaeleRreRelMdetcweCcrlas 
of Europe, the ESA has bases all over the 

world, and co-operates on many 
missions undertaken by NASA, the FKA 
andthe CNSA 





Europe’s gateway to space, the European 
Space Agency is revealing the wonders of our 


Earth, solar system and the universe 


9 The purpose of the European Space Agency 

(ESA) is to develop and advance Europe’s 
e) space capability, while ensuring such 
. “research directly benefits those who fund it - 
the citizens of Europe. As such, the ESA is an 
international organisation comprised of 19 member 
states, which collectively pool their resources, be that 
financial or intellectual, in order to draw up the 
European space programme and carry it through - 
something that would be impossible to achieve if they 
simply worked as singular nations. 

The ESA draws up programmes designed to explore, 
analyse and actuate information garnered from the 
Earth’s immediate space environment, our solar system 
and even further a field into distant galaxies, in addition 
to developing satellite-based technologies and services 
constructed by European companies and industries. The 
size and financial/intellectual commitment a member 
state makes to the ESA is directly proportional to the 
amount of service contracts for technological 
(ooyetciaavloin Covers belemendtss) (yep iUveCebber-@lmaclec) ki ccmcyeriene nated 
that the money spent by the county’s government 
directly benefits its citizens. 
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The average investment per person per annum ofan 
ESA memberstate is roughly eight pounds, which 
collectively provides the yearly budget for space 
expenditure. In 2010 the budget for the ESA was £33 
billion and it was spent across a wide gamut of missions, 
divisions and departments, including: the European 
Astronauts Centre, European Space Astronomy division, 
European Space Operations Centre, the ESA Centre for 
Earth Observation, and the European Space Research 
and Technology Centre. 

The majority of space launches occur at the ESA‘s 
launch base in French Guiana (a 96,000 hectare base 
employing 1,500 people), where probes, satellites and 
rockets carry astronauts and equipment into space 
either to dock with the International Space Station, 
orbit the Earth and collect and transmit data, orona 
far-off trajectory to monitor distant phenomena. Indeed, 
the ESA boasts one of the most active and successful 
mission profiles in the world and is currently embarking 
ona host of cutting-edge programmes - including the 
notable launch of CryoSat-2, an orbiting satellite 
designed to monitor the effects of global warming on 
Earth’s ice reserves. # 

















*T=yara TT 1. NASA Ea 2. ESA ny 3. CNSA 
AN iN Established: 1958 Established: 1975 Established: 1993 
ii O a ed d Sc Budget: £11.4 billion / Budget: £3.3 billion / ¢ y Budget: £850 million / 
: $176 billion e S a $5.4 billion ¥ c > $1.3 billion 
S =) A a ts ~~ MOF Divisions: 15 Divisions: 5 SY J “We Divisions: 4 
a. autres ON Primary spaceport: Primary spaceport: >—- ee Primary spaceport: Jiuquan 
AGENCIES St Kennedy Space Center Guiana Space Centre Satellite Launch Center 





ED AEM? ESA's first mission was launched in 1975 and was a space probe designed to monitor gamma-ray emissions 





















The ESA‘s primary launch 
vehicle, the Ariane 5 = = = 
wc ivisions O 


1. Upper stage 

The rocket’s dy gee ; ' 

payload is housed The ESA employs over 2,000 individuals, including 
here, whichin the scientists, engineers, information technology specialists 
case of most Ariane and administrative personnel, across its five main 

sort ae are divisions. These divisions are based all over Europe and 
satellites. 


are linked by the ESA‘s headquarters in Paris, France. Two 
ofits larger divisions include ESOC, the European Space 
Operations Centre in Darmstadt, Germany, which since its 


all, 
“TF FID creation in 1967 has operated more than 50 satellites, 





2. Solid rocket ensured spacecraft meet their objectives and co-ordinated 
boosters , ground-based communications. There's also the ESTEC in 
Each of the Ariane | Noordwijk, The Netherlands, whose remit includes being 
5/s rocket boosters | ; ES WY budg ets the primary test centre for European space activities and 
deliver 6,470kN of all technical preparation and management of ESA space 
ee lynne) Breakdown of the ESA ger projects (ESTEC is the largest division of the ESA). Other 
ct i (using 2009 EAU eS) divisions can be found in Frascati, Italy (ESRIN), Villanueva 


de la Cafiada, Spain (ESAC) and Cologne, Germany (EAC). 
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hectares and is operated by 
morethan1,500 personnel 
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“The CryoSat-e satellite is orbiting Earth 
from an altitude of just over 700km 
and latitudes of up to 88 degrees” 





Banned 
EXPLORATION 


The European Space Agency 


Space for Europe 


Learn about the three main 








missions currently being 
undertaken by the ESA 


CryoSat-2 


The ESA‘s most recent 
launch, CryoSat-2, is 
imaging and analysing the 
effects of global warming 
like never before 


The ESA’s Earth Explorer CryoSat-2 
mission, which was launched on 8 April 
2010 ona Dnepr rocket, is concerned with 
the precise monitoring of the changes in 
the thickness of marine ice floating in 
polar oceans and variations in the 
thickness of Greenland’s ice sheets. This 
isahighly importantand timely mission 
as currently Earth’s ice fields are 
diminishing at an expediential rate. 

The CryoSat-2 satellite - which boasts a 
state-of-the-art SAR/Interferometric 
Radar Altimeter, which measures ice by 
sending aseries of cloud-piercing radar 
pulses down to Earth -is orbiting Earth 
from an altitude ofjust over 700km and 
latitudes of up to 88 degrees, arecord for 
this type of platform. It is powered by two 
angled sheets of solar panels, which each 
contain hundreds of highly sensitive 
gallium arsenide solar cells that supply 
power for the batteries. 

The CryoSat-2’s technique of 
transmitting a series of radar pulses 
works as when they reach Earth they are 
scattered off the variable slopes of the ice 
sheet margins and the returned echo 
comes from the closest surface location 
with respect to the satellite. These are 
then received by the CryoSat-2's 
antennas - which are wrapped in multi- 
layer insulation - and decoded. 


Bunrxeltelelsem 
oy acobueeubiog 
(Wa fost-1e7} 
operations at 
ESOC, Darmstadt 


1. Dnepr rocket head 


The launch vehicle for the CryoSat-2 satellite was a 
Dnepr rocket, provided by the International Space 
Company Kosmotras. Housed in the top section of 
the rocket, CryoSat-2 separated successfully from the 
rocket after17 minutes of vertical lift. 


2. SAR/Interferometric 


Radar Altimeter 
The primary payload of the CryoSat-2 is 
designed to meet the nuanced 
measurement requirements for ice-sheet 
elevation and sea-ice freeboard data 
acquisition. This highly advanced 
approach works by sending thousands of ” 
cloud piercing radar pulses to the ground 
each second and then measuring the time 
ittakes for their echoes to return to 
CryoSat-2’s antennas. ‘ } 





















The body-mounted 
ol teva-beceneKey au ele 
CryoSat-2 


The Statistics 


(aU foal a m4 


Operator: ESA 

Launch vehicle: Kosmotras 
1Day-\o\ai corel <ul 

Payload: SAR/Interferometric 
Radar Altimeter 

Orbit altitude: 717km (approx) 
Mass: 720kg 

Power: 2 x GaAs body-mounted 
solar arrays (1700 W) 








satellite, itis covered 
with two large 
sheets of solar cells, 
which produce 
power for the on- 
board batteries. 
Unlike many other 
satellites, these 
panels are fixedand 
non-deployable due 
to financial 
restrictions, 
however they are 
positioned on 
optimal angles for 
the capturing of 
solar energy 
throughout an orbit. 





3. Saar panes Acomputer- 

In order to powerte xa eclccre banteT ic} 
imaging and data mat et 
recording systems ecrocnns 

on the CryoSat-2 uf 


measures sea ice 











Jobbing Year-on-year Canada Corps Spot-on 

Out of 10,000 people who Since 2005 the annual Since 1 January 1971, Canada There are currently 14 The European Space 

registered back in 2008 for an budget of the European Space has acted as an associate astronauts in the European Agency’s spaceport in 

ESA astronaut recruitment Agency has grown rapidly member to the ESA. This Astronaut Corps, 13 of which French Guiana is ideally 

drive, only six made the cut. from £2.5 billion to the £3.3 means it takes part in the are men and only one isa Positioned for space launches 

That’s just a one in 1,666 billion it currently has at its decision-making processes woman. The sole Brit is due to its proximity to the 

chance of being successful. disposal today. and its programmes. Timothy Peake. Earth’s equator. 
YETI The oric jinal CryoSat mission failed in 2005. The separation mechanism on its carrying rocket broke at launch 
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The members ofthe 200) 
stage of theexperiment — 
prepare togo into 
isolation 


XMM-Newton 


The primary x-ray telescope of the ESA, the 
XMM-Newton is increasing our knowledge 
of black holes, the formation of galaxies and 


the origins of the universe 






Mars500 


The mission that simulated humanity's 


journey to Mars 


The Mars5o00 mission was an important study to 
ascertain the mental and physical strain on 
humans in closed isolation on a long-haul trip to 
Mars. The mission was a joint project between 
the ESAand Russian Institute for Biomedical 
Problems, beginning on 3 June 2010 and 
culminating on 4 November 2011. Init, six 
candidates were sealed in an isolation chamber 
for 520 days, the approximate journey time fora 
real mission to and from the Red Planet. 

The isolation facility in which they were held 
was based in Moscow and consisted of five 
modules: three to replicate the spacecraft 
(where the volunteers spent the majority of their 
time), one to replicate the Mars-lander in which 


Training facilities were 
included to help keep the 
astronauts fit and healthy 


Alluncredited Images © ESA 





the astronauts would travel to the surface and 
another to simulate the Martian surface, witha 
total combined area of 550m? (19,423 ft?). 

To accurately simulate a mission to Mars, the 
volunteers were subjected to the same conditions 
that would be apparent for astronauts making 
the trip for real. For example, all communications 
outside the pod were given a time delay, ranging 
from1minute when near “Earth” to 20 minutes at 
“Mars”, while the crew were also givena diet 
identical to that ofastronauts on board the 
International Space Station. 

The volunteers carried out the same tasks that 
astronauts would ina real-life Mars trip, 
including simulating a Martian landing and 
performing experiments. The participants were 
able to talk to friends and family via video link at 
various points in the mission, albeit with the 
aforementioned time delay. 

With the mission finished, future astronauts 
making the long-haul trip will have useful 
knowledge of the conditions they might expect 
when being in isolation for sucha long period of 
time and at sucha great distance from home. 


Anartist’s impression of the X' 
Newton asit orbits Earth 





X-ray 
telescopes 


Camera 
radiators 


Telescope 
tubes 


Launched from the ESA‘s Guiana 
spaceport in 1999 onan Ariane 5 rocket, 
the XMM-Newton is the ESA's largest 
and most active x-ray observatory and 
orbiting satellite. It orbits the Earth ona 
highly eccentric and elliptical orbit of 
40 degrees and boasts three x-ray 
telescopes each containing 58 Wolter- 
type concentric mirrors. It is powered 


by twin extendable solar arrays that 
give the XMMaspan of16 metres. In 
addition to its three x-ray telescopes, 
the XMM also includes two reflection- 
grating spectrometers (used to measure 
light intensity) anda 12-inch in 
diameter Ritchey-Chrétien optical/UV 
telescope (a specialised telescope used 
to mitigate aberration in images). 


The XMM-Newton’s name comes 
from the design ofits mirrors, the 
highly nested x-ray multi-mirrors, and 
in dedication to the great scientist Sir 
Isaac Newton. These mirrors are 
enabling astronomers to discover more 
x-ray sources than with any ofthe 
previous space observatories. In one 
day, for example, the XMM-Newton sees 


more sources in one small area than 
lesser satellites managed in years. 
Thanks to its orbit, the XMM-Newton 
has been able to measure the influence 
of the gravitational field of aneutron 
star on the light it emits. This wasa first 
in astronomical observation and 
helped give a valuable insight into 
these super-dense objects. 
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~) Ion engines generate thrust by forming and * 
then accelerating ions at high speed. This is 
e) achieved ina two-stage process, firstlyby * 
. ™ electron bombardment - (ooo) celbet ae 
controlled collisions of negatively charged aaron alae] 
neatrally charged propellant atoms to form ions-and 
secondly by accelerating formed ions massively through ° 
amulti-aperture grid system out into space. ¥ 
Ions are atoms or molecules that are electrically. 
charged. Ionisation - the process all ion engines 
undertake - is the process of electrically charging an 
atom or molecule by adding or removing electrons. Ions 
themselves, therefore, can be positive or negative and 
any gas is considered ionised only when some orall of its 
atoms or molecules are converted into ions. 
Ina conventional ion engine - in the example detailed 


’ here, a gridded electrostatic ion thruster - propellant fuel 


(xenon, for example) is injected into the thruster’s 
discharge chamber from its downstream end and then 
bombarded with electrons flowing froma hollow 
cathode at its upstream end. The electrons from the 
cathode are attracted to the discharge chamber’s walls, 
which themselves are lined with high-strength magnets 
that are charged toa high positive potential by the 
engine’s power supply. These positively charged magnets 
cause the electrons to be redirected back into the 
discharge chamber bya high magnetic field, forcing 

them to collide with the atoms of the propellent and 
maximising ionisation efficiency. 
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Positioned at the meeting point of . 
science fiction and reality, ion drives . °, 
are propellinghumanitytothe* .., 
furthest outskirts of the universe a 


The ESA‘s Gravity field and steady-state 
Ocean Circulation Explorer (GOCE) utilises 
astate-of-the-artion engine 


“Ion drives are ane used by ‘ 
ateaN fem n tala nee n ee) Zee: 
. host of next-genprobes” . 
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i Xenon atoms 








Propellant injection 
lon drives need lots of energy to operate 
and propellants must have a high mass 
to ionisation energy ratio. Currently, 
xenon gas is the propellant of choice for 
these drives due to its low ionisation 
energy, high atomic number, inert 
nature and low erosion threshold. 


Ba-Ca-Al - Heated by 
Sun, emits electrons 


Cathode 


Electrons are emitted through a hollow 
cathode before traversing the discharge 
and collected by the anode. 






















Potential Thirsty Pioneer Sci-fi Noble 
The lowest energy state GOCE, the European Space Dr Robert H Goddard, an A large number of space Xenon, the primary gas 


aE required to detach an electron Agency's Earth-orbiting American physicist and crafts in science fiction are used to power current ion 
F, 1) = from an atom is called its satellite, will consume 40 inventor, was the first person powered by ion drives, engines, is referred to as a 
ionisation potential, and kilograms of xenon over 20 to postulate on the possibility including the instantly ‘noble gas’ as it is odourless, 
v8] N DRIVES can also be known as its months simply to power its of anion drive all the way back recognisable SS Enterprise of colourless and has a very low 
ionisation energy. ion drive. in1906. Star Trek fame. chemical reactivity. 
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Golcion Tt ol ee . r From this point, the newly formedions are attracted to 
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Released high-energy electrons impact Fs A : 
(iiayneedlawieltorseauslrjeeceand the downstream ehd of the thruster. Each grid -in this 


electron to be released, yielding two case two - contains thousands of coaxial apertuxes that 

negatively charged electrons and one act very much lik lenses, electrically focusingions 

positively charged ion. _,* through the optics. This is because since the ions are 

* generated ina region of high positivity and the accelerator 
gtid’s potential is negative, theions are attracted toward 
the accelerator grid and are focused out of the discharge 
chamber through'the apertures, creating thousands of 
ion jets. These jets, once neutralised, reyaenMens engine’s 
ion beam and provide thrust for the spacecraft. 
* Currently, ion drives are being used by both NASA and 
the ESA to power a host of next-generation probes and ** 
satellites, including the latter‘s Gravity field and steady- 


MCC Lele cn ng@ nar cele anlega(Ce ea Mg J 
. 7 
‘< 7 hd 7) Technicians at NASA work on 
Multi-aperture grids fee 


Positively charged ions are extracted from 
the plasma sheath through a system of multi- 
aperture grids. lon thrusters such as this one 
use a two-grid system, where the upstream 
grid (screen grid) is charged highly positive 
and the downstream grid (accelerator grid) is 
charged highly negative, attracting and 
propelling ions outwards to generate thrust. 


Magnetic field 

Generated by a series of magnetic rings, a 
magnetic field is utilised to greatly enhance 
the engine's ionisation efficiency. 


Neutraliser 


Another hollow cathode outside of the main 
engine injects negatively charged electrons 
into the positively charged ion beam to ensure 
neutralisation of the beam, spacecraft and 


surrounding void. Fle 
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"== IKAROS 


solar sail 


“The challenge wiill be 
_ keeping the solar sail flat” 
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IKAROS is the first space mission to be 
The IKAROS propelled by sunlight alone 


On 21 May 2010, the Japan Aerospace 
Exploration Agency (JAXA) launched anew 
kind of spacecraft. Named IKAROS, short for 
Interplanetary Kite-craft Accelerated by 
Radiation of the Sun, this square-shaped craft is propelled 
through space by using the Sun’s energy in two different 
ways. It is embedded with thin solar cells that store 
sunlight as electricity, and italso reflects light particles 
from the Sun. As the light particles bounce off the sail, 
they should provide the bulk of the momentum needed to 
propel the craft. 
IKAROS was launched on an H-IIA rocket from the 
Tanegashima Space Center on Tanegashima Island in 


membrane 


The sail is made of four trapezoid-shaped 
panels of polyimide, a lightweight 
material about 32 micrometres thick. Itis 
about 20 metres on the diagonal. One 
side of the sail has an aluminium layer, 
which reflects sunlight and provides 
thrust. The sail is embedded with several 
different components. Silicon solar cells 
about 25 micrometres thick are attached 
at points around the centre perimeter of 
the sail. LCD panels are also arrayed 
around the sail, which are used to 
control its attitude, or steer. Dust 
collectors will take samples of the debris 
encountered by the sailand relay it toa 
dust counter on the main body. 





IKAROS’s 
competition 


Anindependent non-profit organisation 
called the Planetary Society has had its 
own solar sail project in the works. 
LightSail-1 is based on the NanoSail-D, a 
former NASA project. The Planetary 
Society planned to launch LightSail-1 by 
October 2011, but the launch was 
dependent on funding and whether 
rockets were available. Its membranes 
are made of Mylar and its body comprises 
several tiny satellites called CubeSats. 
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Japan. The rocket also carried an unmanned Venus probe 
called Akatsuki and some small satellites. IKAROS will 
take the same trajectory as Akatsuki, but will pass by 
Venus and keep going on its way to the Sun. 

The solar sail weighs about 315 kilograms in totaland 
cost around £11 million to build and launch. A previous 
Japanese space organisation, the Institute of Space and 
Astronautical Science, demonstrated successful 
deployment of prototype solar sails in 2004, but the 
propulsion system remains unproven. However, JAXAis 
confident that IKAROS will reach its ultimate destination. 
The challenge will be keeping the solar sail flat, stable and 
orientated correctly to take in enough sunlight. 





Hayabusa SELENE Akari OICETS Yohkoh 
i) I O = Hayabusa was a probe sent to The largest lunar mission In 2006, JAXA launched Akari, This experimental satellite Launched in 1991, Yohkoh 
gather samples from asteroid since NASA’s Apollo, SELENE an infrared astronomy was designed to demonstrate orbited the Sun for over a 


decade. It made observations 
via x-ray telescope and 
provided insight into the 


orbited the moon for 20 
months. It provided data used 
to improve topographical and 


satellite. Its mission is to 
survey the entire sky in 
infrared, On 26 August 2007 it 


25143 Itokawa. After numerous 
glitches, the probe returned to 
Earth; scientists have not yet 


optical communications 
between distant satellites. 
Launched in 2005, it was 


FACTS 


VC Na 


opened the sample container. gravity maps. 
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had surveyed 94 per cent. retired in 2009. 


IKAROS deployment 


Membrane petals 

These membrane petals, or sections, are 
pulled out by the main body’s rotation and 
the weight of the tip masses. 


aed) 

Each membrane section 
has aweightat the tip. 
These tip masses weigh 
about 0.5 kilograms. 


FIRST STAGE: In this first stage of deployment, actuators in 
the main body release tip masses. As the sail continues to 
rotate, the membrane petals emerge and form a cross shape 
about two anda half minutes after the initial launch. 


Tethers 

The membrane sections must 
be kept away from the main 
body with tethers. 


Liquid crystal 
device (LCD) 

Eight LCD panels spaced 
around the membrane are 
adjustable for controlling 
the attitude ofthe solar cell. 


Solar cells 
These cells can generate 500 
watts of power. 


THIRD STAGE: The solar sail continues to spin at 25rpm as 
each membrane section is deployed. The rotation helps to keep 
the membranes flat. 


expensive fuel and allowing for exploration. JAXA hopes t 
a larger sail to Jupiter by 2020. IKAROS will investigate and 
measure space phenomena and gather data on its way past Ven 
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f a 1. Launch 
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«Sun pointing 
«Spin separation (5rpm) 


COMPLET! 


Success now achieved 


ici Stoppers 


Thestoppers hold the shape 
ofthe solar sail before each 
section begins to unfurl. 





SECOND STAGE: Next, the motor drivers turn to orient 
stoppers into alignment, and spring hinges release the 
stoppers to maintain tension and keep the shape of the solar 
sail. The membrane sections begin to unfurl. 


behaviour of the Sun’s corona. 


Central 
hub 


This image focuses on the 
central hub, or main body of 
the solar sail. Upon separating 
from the H-IIA launch rocket, 
the main body began to spin 
at about 5rpms, facing the 
Sun. As it continued on its 
trajectory, the hub reached 
2orpms and communicated 
with mission control. 


Upper deck 

The upper deck of the main body 
contains instrumentation such as 
the low-and high-gain antennas for 


2. Deployment starts 
-Radio telemetry on : 
«Initial operation check 
«Spinning up (20rpm) 


Liquid crystal device 
WU aTacaie edna etter ¢ 
changesin reflectivity 

based on the sail’s 4 
orientation to 








communication via X-bandanda 
dust counter. 


—_— 


Membrane 
WUataccaeetel 
Solar cells membranes contain 
The generation of solar energy dust sensors on the 
via these cells will be opposite side. 
measured and observed. 
DEPLOYMENT COMPLETION: With the membranes fully Middle deck 
deployed, the sail spins down to just a few rpms. The sail This centre component 


should now begin generating enough solar power to accelerate. 


leployment experiment 
n (1-2rpm) : 
‘generated by solar cells 


4. Experiment 
«Acceleration experiment 
bysolarsail 


consists ofa drum around 
which the membrane andall 


ofits components are wound. 


Lower deck 

The lower deck contains any 
additional mission instrumentation, 
including the motorand actuator 
drivers that power the drum and the 
two tiny cameras. 


5. Control 


using solar sail 


Full success anticipated 


+ Orbit controls and 
navigation technology 
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Earthand Venus © NASA/Sun 
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Image courtesy of NASA 


Space 








trash 


How does NASA tackle millions of pieces of space debris? 


When yousee renderings of Earth from 
orbit, you don’t typically see one of the 
more unpleasant side-effects of the past 

—’ ,oyears’ worth of technology-space 
debris. There are millions of pieces of debris, 
ranging from small flakes of paint to larger chunks of 
rocket boosters. More than 100,000 of these objects 
are larger thana centimetre and some weigh as 
muchas one kilogram. While that doesn’t seem very 

large, debris can be orbiting at more than 25,000 

kilometres per hour. 

Despite attempts to protect them, the exteriors of 
satellites, space shuttles and other objects 
constantly undergo erosion due to small debris. 
Larger pieces have caused even bigger problems, 
pitting windows and damaging expensive 


156 


equipment. There have also been collisions 
between objects. Space debris is such a danger to 
astronauts that they must carefully manoeuvre 
space shuttles as well as the International Space 
Station to avoid collisions. NASA’s Space Command 
tracks about 9,000 of these objects, but it’s 
impossible to track them all. 

Although space debris has fallen to Earth, it has 
mostly either burned up or landed in sparsely 
inhabited areas. However, there have beena few 
close calls. In1997,a woman in Oklahoma was hit on 
the shoulder by a piece of rocket fuel tank left over 
from a satellite launch the year before. Luckily, she 
was not seriously hurt. 

Some satellites and rocket boosters are now 
designed so that they can travel out of the way of 


1. Wax and wane 

Waxing is when the moon is 
growing in the first half of a lunar 
month. Waning is when it’s 
shrinking away again in 
preparation for the next full 
moon. It’s called a crescent when 
it’s less than half illuminated and 
gibbous otherwise. 


2. Crescent moon 

On the equator the crescent 
moon looks like a smile. In the 
southern hemisphere the moon 
appears upside-down so it would 
be areversed mirror image of 
what we see. 


3. Distance 

The moon is on average 250,000 
Tae DW Ease ML ee Lcoe eng ey 
retools ReMi em CONE a role) 
to the Earth. Travelling by car, 
however, light would take 130 
days of solid motoring. 


4. Revolutions 

med nV =| Solel Ree) 
hours for the moon to make a 
full revolution of the Earth. Since 
the lunar month is longer at 29 
oF Wom wat Bicclg elt cwe) irs) may 
moon can occur any time in the 
calendar month. 





other objects and slowly re-enter Earth's 
atmosphere when they become defunct. NASA has 
an Orbital Debris Program designed to track the 
objects, mitigate the damage they cause and try to 
avoid adding to the problem. 


Low Earth 
orbit 


Low Earth orbit (LEO) is about 160 to 2,000 
kilometres above the Earth’s surface. Except for 
lunar trips, all human space flights take place in 
this orbit. Current estimates show that there are 
nearly 20,000 pieces of space debris located in LEO. 
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quarter 
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crescent 
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te 1) + 
of the moon explained 


Understanding the constantly morphing moon 
is alla matter of perspective... 


= | A full moonisa majestic sight, and one 


@) surrounded with all manner of 
s =< | The full moon is just one of eight phases 
during a lunar month, however. During this cycle 
(lasting 29.5 days) it changes constantly, moving 
froma fully lit discto an invisible planetary body 
and back again. But what causes this cycle and how 
do we decipher the difference between a waxing 
gibbous moon from a waning crescent? It’s alla 
matter of perspective, and understanding this 
geometry is helped bya simple clock analogy. 

Let’s pretend that the Earth is at the very centre of 
a massive celestial clock face. From this central 


superstition and romanticimplications. 


point the moon would sit on the hour hand 
travelling on its lunar orbit around the Earth. 
Constantly shining in towards the Earth from the 
three o'clock position is the Sun - it’s the Sun that 
lights the face of the moon so we cansee it, except 
when it’s in the three o'clock position. When the 
moonis right between the Sun and the Earth no 
sunlight touches the face of the moon that faces us. 
This is calleda new moon and its apparent 
invisibility marks the beginning and the end ofa 
lunar cycle. As the moon makes its way backwards 
-it travels anticlockwise around the Earth - from 
three o'clock towards half-past onea thin, waxing 
crescent moon grows in size asa small sliver of 








sunlight reaches a part of the moon seen from 
Earth. Once it reaches 12 o'clock the full right side of 
the moon is illuminated - this is the first quarter 
moon. When the moon reaches the half-past ten 
position the lit portion of the moon face is growing 
bivhaue(yacial U cena ay tcp tcp Cenloynvaolelce- Riba ely 

gibbous moon. 

At nine o'clock the moon is exactly opposite the 
Earth from the Sun meaning its entire face can be 
seen, but from this point on in the lunar month the 
moonis said to be waning froma gibbous moon, toa 
third quarter and then to a waning crescent moon 
before finally disappearing again at the end ofits 
Nv Tatv eye (oN 
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Hundreds ofmilesaboveus,an_ y/ 
intricaté systém of machines is hard at 
work to ensure our everyday livestick ‘ 





_ along, from sending usTVshowsto - w 4 _- 
providing untold scientificdataonthe Q 
Earth and the universe... -f oF. 






Be XS, ae 


slots ae 











Sputnik | 
Russia stunned the world in 
October 1957 when it 
announced it had placed the 
first man-made object in 
J orbit around the Earth, the 
! basketball-sized Sputnik |. 










Power 

Power isin limited supply when in orbit 
around Earth, so most satellites rely on 
solar cells and rechargeable batteries 
(typically nickel-hydrogen batteries), but 
some use fuel cells and nuclear power. 
Mostsatellites survive for about ten years. 


Inside a 


typical satellite 


While satellites differ in their uses 
and expected tasks, there are 
certain core components that 

are universal 


NASA's a orl 1 oJ} so 
sweYorb ba yaez ve ucccjasrele0bIKcoS DOK Be 


vacuum chamber 


Since the launch of the first artificial 
satellite back in 1957, the Soviet Union’s 
Sputnik I, satellites have really come on 
in huge leaps and bounds. We use them 
to call friends, watch television, surf the web and 
much, much more besides. Today, about 8,500 
man-made satellites, both defunct and operational, 
are in orbit around the Earth. Advances in technology 
alongside new methods of propulsion have allowed 
us to study our own world and the universe like never 
before, and it’s all thanks to this extensive network 
of flying machines. 

Isaac Newton first presented the theoretical idea of 
a satellite orbiting the Earth way back in the 18th 
Century. He suggested that ifa cannonball was fired 
froma very great height and with a high enough 
velocity, the ball would fall towards Earth. However, 
its speed would mean that the ground beneath would 
continually fall away, leaving the cannonball 


rs 


Explorer | 
America replicated the 
success of Russia three 
months later when it launched 
its first satellite, Explorer I, 
which discovered the belts of 
radiation around Earth. 


Echo 1 


NASA launched this giant 
balloon, 30 metres in 
diameter, in 1960. It reflected 
incoming signals and was the 
world’s first rudimentary 
communications satellite. 


Satcom 1 ISS 
Developed by RCA Americom, Construction of the world’s 
Satcom 1 (launched 1975) largest man-made satellite 
pioneered US cable TV began with the launch of 
broadcasts with high-profile the Zarya module in 1998, 
networks and spurned the and is scheduled for 


age of satellite TV. 


completion in mid-2012. 
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Mostsatellites have several hundred 
pounds of compressed hydrazine gas 

/ on board, which they can eject to 
avi elckee-liCoadeotaeas) (a 


ear) 

‘Imperative for manual 
operation of the craft and to 
relay or gain information and 
data that has been gathered, 
every satellite needs some 
form ofantenna. 


Radio 

#KoKehtccrad aya rn(eyed coe Merlot Kee eT AUS 
ground control can stayin direct contact 
witha radio transmitter and receiver, which 
VTeEUloN Ud sl ea Cobelobetaimueysrbvetcble iss 


encircling the entire planet. This is basically howa 
satellite operates today. 

Typically, satellites orbit the Earth at a speed of 
between 7,000 and 17,00oomph (11,300 to 27,400kph) 
and are constantly falling towards the ground, but 
their sideways motion keeps them in orbit above the 
planet. Often a satellite is pulled towards the planet 
as a result of other forces, such as atmospheric drag 
and the gravity of the moon and the Sun, so it is either 
left to burn up in the atmosphere or propelled higher 
witha thruster. In the case of the International Space 
Station, a spacecraft attaches to the giant satellite and 
pushes it into a higher orbit, so that it doesn’t fall into 
the atmosphere and burn up. Satellites began use to 
provide a better service than ground-based facilities. 
Asatellite is visible from large sections of the Earth, 
thus sending and receiving signals is possible across 
great distances and ata quicker speed. Observational 
satellites also have a much clearer view of space, 


Bus 

WU aTr Jel Ney ecerelC bcp CRU ec A aeetclo(cLoe 
metaland is knownas the ‘bus’. This 
holds the craft together and houses the 
important components, suchas 
experimental instruments. 


Computer 

To stay in contact with ground 
(ofoyal eco) Ee lo RcpertUiceD Mc iN Cala 
carries out its operations, an 
on-board computer acts as the 
brain of the satellite. 


Attitude control 

system (ACS) 

Toremain in the correct orbitand 
prevent falling into the 
atmosphere or drifting into space 
CA atAccclCo CBU EE EGAN) 
often controlled bya gyroscope 
rotating ataround 5,ooorpm. 


thanks to the lack of obscurity from clouds and 
atmospheric particles. 

While in orbit, not all satellites follow a circular 
path; some have erratically elliptical (egg-shaped) 
motions that enable them to make specific 
observations of the Earth and surrounding space. The 
farthest point a satellite is from the Earth is known as 
the ‘apogee’, and the nearest point the ‘perigee’. Some 
satellites get as close as just 80 miles from the surface, 
while some extend as far out as 24,000 miles in their 
orbit. Typically, reconnaissance and imaging 
satellites orbit just a few hundred miles from the 
surface, while some (such as navigation satellites) are 
thousands of miles away. Some other man-made 
satellites orbit at the ‘Lagrangian L2 point’,1 million 
miles (1.6 million km) from Earth, but at this distance 
they are said to orbit the Sun instead. 

The closer a satellite is to the Earth, the faster its 
orbital velocity must be. A satellite at a distance of 


Orbital altitudes of major satellites 


SPUTNIK-L 215km/133.6mi 
ISS 340km/211.3mi 


Medium Earth 
orbit 





HUBBLE SPACE TELESCOPE 595km/369.7mi 
POLAR ORBITING SATELLITES 700-1,700km/435-1,056mi 


GPS SATELLITES 
20,350km/12,645mi 


every 12 hours 


These are on a semi-synchronous 
orbit, meaning they orbit the earth 


GEO (GEOSYNCHRONOUS) AND GSO (GEOSTATIONARY) 
SATELLITES 35,786km/22,238mi 

These satellites orbit at the same rate as the Earth, remaining 
stationary over a single line of longitude. They are fixed over a 
location on the surface, making it easy to target with a dish 


Oe 0 ile al 
High Earth 
orbit 
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124 miles (200 km) from the surface must travel at 
17,000mph (27,400kph), but for a satellite further 
away at 22,223 miles (35,786km), suchas a 
geostationary satellite, the speed is much slower at 
7,000mph (11,300kph). The higher a satellite is in orbit 
the longer it can survive, as it is less affected by 
atmospheric drag from the Earth. 

Timing is important when launching a satellite; it 
needs to be placed in the correct orbit to carry out its 
intended operations. If itis sent up at the wrong time, 
it could end up in the wrong orbital path. Therefore, 
satellites have a specific launch window in which 
they are able to get into orbit around Earth. 

Despite global use by millions of people, the 
satellite global positioning system (GPS) is serviced 
by just 24 satellites in orbit around Earth, placed 
there and run by the US government. This is the 
minimum number needed to provide the GPS service 
but, as some of the satellites deteriorate over time, 
more are added to keep it running. However, there 
are rival GPS systems in (or soon to be in) operation, 
such as Russia’s GLONASS system (launched in 2007) 
and the EU's planned Galileo positioning system. 

Asatellite gets into orbit by hitching a ride ona 
rocket. Often, one rocket will take multiple satellites 
into orbit and, once above Earth, each will move into 
their allocated orbit. Most satellite orbits start out 
elliptical but, by firing thrusters as the satellite 
reaches its furthest point from Earth, the orbit can be 
squashed until it is circular. Despite 8,500 man-made 
objects orbiting the Earth, there is only one recorded 
collision in the history of space exploration, when 
two American and Russian communications 
satellites collided in 2009. It’s possible to obtain this 
statistic because we know the orbital path of each 
satellite. When a new satellite is launched, it is 
placed within a particular orbital band at a given 
point and at a certain speed to ensure it doesn’t come 


Dae ee tT 


There are three main orbital bands into whicha 
satellite may be placed, but satellites also orbit at 


varying heights for a variety of purposes 


elle 

Photography and mapping satellites 
often orbit between the poles ofEarth, 
allowing them to see the entire planet 
asit rotates underneath. 


Asynchronous 

Asynchronous orbits are irregular orbits 
where the satellite passes over different 
points of the Earth but at thesame timeof 
day. This is also knownasa Sun- 
synchronous orbit, as the satellite can 
orbit in perpetual darkness or sunlight. 
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In this annotated Google Earth map, active satellites are in 
greenand defunct ones in grey 


into contact with another man-made object. For 
example, geostationary satellites orbit in a circular 
band at 22,223 miles (35,800km) above the surface, 
with many ina ‘satellite parking strip’ over the 
equator. However, the orbit ofa satellite isn’t perfect, 
and forces such as the moon’s gravity and the Sun 
can alter its path. A Tracking Telemetry & Control link 
(TT&C) allows ground controllers to monitor the 
status ofa satellite and, ifit has its own propulsion 
(often compressed hydrazine), they can change its 
orbit to prevent a collision. The other factor is how 
much space there is around the Earth. Satellites orbit 
ina range of just 100 to over 24,000 miles, while the 
circumference of their path is thousands of miles. 
While there are thousands of satellites in orbit, they 
only make up an incredibly tiny proportion of space. 

Once a satellite has exhausted all its fuel (usually 
after ten years), it is given one last push into either 
the atmosphere or interstellar space to burn up or 
drift away from the Earth respectively. Canadian 
firm MacDonald, Dettwiler and Associates Ltd plans 
to launch the first space gas station in 2015 that will 
refuel satellites and prolong their lifetime. 


Inclined 

This orbit can be thought of as halfway 
between polar and geostationary. The 
satellite orbits on a diagonal path, but 
itis not Sun-synchronous and thus 
flies over different parts of the Earthat 
different times of day. 


Eccentric 

Some satellites orbit ina large 

egg shape, allowing them to study 
interstellar spacé outside 

the Earth’s magnetosphere. 


L_ 


Ageostationary orbit is one where the 
satellite is always above the same point 
on Earth. To achieve this, a satellite will 

typically be about 22,233 miles (35,780km) 
away and travel at 7,ooomph (11,300kph). 


Geostationary 


“A satellite gets into orbit by 
Nie hitching a ride ona rocket” 


By the 


numbers 


Many countries have sent 
satellites into orbit around 
the Earth, but there is a huge 
amount of space junk 
consisting mostly of defunct 
machines. NASA and Russia 
lead the way considerably in 
satellite launches, but as the 
technology becomes cheaper 
and more private companies 
become involved, that is sure 
to change in the future. 
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Satellite television 


It’s something we all take for granted, but how do our 
favourite TV shows get beamed to our living room? 


Studio/transmitter 
Audio and video signals are 
sent froma TVstation toa 
transmitter, to berelayed up 
toasatellite orbiting Earth o* 
in geostationary orbit. 
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a ead ~~ 1, Intelsat 1 2. Telstar 1 3. Vanguard I 


; } Nicknamed ‘Early Bird’, “ Now retired at a ripe old In orbit since 17 March 
to Head ! * the first communications " 49 years of age, this . , 1958, the USA's Vanguard 
P : satellite to be placed in 77 satellite relayed the first 1 satellite has orbited the 
O DEST “ » geostationary orbit has Be television pictures Earth over 200,000 


x 

G 
@ been in orbit since 1965, =} through space after its =} times, but is also no 
B® but is now defunct. launch in 1962. longer operational. 
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CMCC BC ry = we eileen ae Satellites orbit the Earth 
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Luxembourg 2113 @<— ’ ea eae varying heights and have 
} vas . x x a7 J cy 
Tce) ee ers , a ee many different uses 
Spain 4|5 <a a | ‘is: a a \ x o 4 cele wg 
FT e/_| a > . x ’ fe" 2 a , 
Portugal. 1 «/ I ine | Ly KSSL Ss a en ven ie 
73s | ~e¥ >> way Avra abe Moe 
| I | 6 p ‘ a x a a I +$—+ a 
TT) PALO 7 | ie X= VO CCE 668 LUE. 
aan a a oe RL OSX Oe" + Le Saudi Arabia 10 | 2 
P| } C t 2 a es ee ek 
NT VO a Eee \ }— | a ee ! ya Pakistan v3 
a 


2 a as Uo Arab Emirates 2 | 1 


eo ee Corman 

+ Kazakhstan 1 FIRST; Telstar 1 (1962) 
ORBIT: Geostationary/elliptical 
HEIGHT: 22,223 miles (35,800km) 
USES: TV, phone 
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9 M Russia 4 
86 1310| 
Mexico 3 | 4 - FIRST: Vanguard 2 (1959) 
: ORBIT: Geostationary/polar 
Colombia 0 | 7 } c 
: ee '@) pei Te 0 ea HEIGHT: 22,223 miles (35,800km) 
Chile O | 1 Sy ae 4 USES: Meteorology 
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South AfricaO |1* . , . re FIRST: TRANSIT (1964) 
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USES: GPS 


orbiting functional satellites ® 
orbiting dysfunctional satellites a) 


orbiting space debris =/> 10cm diameter 


Satellite Receiver/cable TV Satellite dish 

Asatellite’s transponder The satellite sends signals toa Alternatively, a home Observation 
reflects the signals, sendi ig TV broadcaster's large dish satellite dish picks up FIRST: Explorer VII (1959) 
them toa receiving station or antenna, transmitted viaa areflected signal and ORBIT: Asynchronous 
home ata specific frequency. cable network to your TV. tunes the TV to that HEIGHT: 80-1,200 miles 


frequency/channel. USES: Mapping, photography, rescue 
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FIRST: Sputnik 1 (1957) 

ORBIT: Asynchronous/inclined 
HEIGHT: 3,000-6,000 miles 
USES: Astronomy, Earth science 
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Mars 
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Diameter: 6,780km 
Mass: 6.4185 x 1,023kg r 
rn) Surface temp: -125°C 
to 25°C 
4 Escape velocity: 5.027km/s 


28/11/1964 MARINER 4 
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Country: US 

Type: Orbiter 
Outcome: Success 
1pY-\ =] (cH 

First images of the 
Mars surface; 
disproved the 
existence of water 
beds but raised new 
questions about 
frozen ice. 


19/5/1971 MARS 2 
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Soviet Union 
Type: Orbiter/ 
Lander 

Outcome: Failure 
Details: First human 
objects to visit the 
Red Planet, but 
communications 
were immediately 
lost after impact. 


30/5/1971 MARINER 9 
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Country: US 
Type: Orbiter 
Outcome: Success 
Details: 

Used two focal lenses 
for wide angle and 
Ciecbelet-baee (yalcmanttelig 
resolution 
transmissions using 
the 2.3GHz radio band. 


20/8/1975 VIKING 1 







Country: US 

Type: Orbiter/Lander 
LolTi cored at rps lee acai 
eT 

It took ten months to 
reach Mars, collected 
first scientific data 
about atmospheric 
conditions and 
stayed operational 
Hoya) ha iere 1m 














Mars rovers 


One characteristic of the Mars 
rovers: they are exceptionally 
smart. As autonomous robots, 
they calculate how to get 


from one point to another, 
avoiding obstacles. 


Spirit Rover 


In May 2009, Spirit became 
stuck in deep Martian soil. For 
several years, dust devils have 
cleaned the solar arrays of 
Opportunity, and is still on 

the move. 


Mars spacecraft 


A Mars spacecraft would likely 
weigh as much as the 
International Space Station 
(about 400 metric tons) and 
would be launched from low 
Earth orbit. 


Phoenix Mars Lander 


Named after the mythological 
bird that is reborn, the 
Phoenix was made up of 
‘spare parts’ for a lower 
overall cost than the original 
Mars rovers. 


MAVEN mission 


The MAVEN (Mars 
Atmosphere and Volatile 
EvolutioN) mission in 2013 will 
collect atmospheric data to 
help engineers in a planned 
human mission. 






The Opportunity Rover is 
the longest running 
vehicle on Mars 


) AynRand once said “the secrets 
ofthis earth are not forall mento 


IDID)YOU/KNOW 
see, but only for those who will 


~. seek them”. She could have been 


. talking about the planet Mars. Are there 
channels of water flowing beneath the 

surface? Polar ice caps that rise to kiss 
the Sun, stark and lonely? Sand dunes 
so deep they could consume nearby 

boulders? The planet has becomea 

- staple of science-fiction movies and 

rabid speculation. In the next 20 years, 

many of those mysteries could be 

unravelled, like layers of an onion. 

Located about 1.1 astronomical units from 
our own planet (or about as far away from us 
as the Sun), Mars - knownas the Red Planet 
-looks like a glowing red orbin the sky, just 
one reason the planet has become | 


interesting. Yet NASA and other space 
agencies around the world have made 
concrete plans to explore the planet, both by — 
sending additional roboticlanders anda 
planned human mission as soon as 2020. 

“Itis a scientifically interesting possibility 
that there could be life on Mars, either past 
or present,” says Jeffrey Bennet, an 
astrophysicistand popular bookauthor. 
“There is little question now that the planet 
has internal volcanic heat, polar ice caps, 
anda real possibility that there is liquid — 
water below the surface ofthe planet.” — 
Research captured by the Spirit and 
Opportunity Rovers since their arrival 
EVR ect ave N eT ago, along witk 
cm boniatroyeclecro joe (acyecelse-beemnenal 
could make Mars exploration even! 
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. First up-close images of! 


Before the first orbital missions to Mars, astronomers often speculate 
the planet showed what looked like river canals. In 1964, the first miss 
involved the Mariner 4ina planetary flyby that revealed the truth: arocky 
planet with a surface not unlike our own moon. According to Bennet, 
~ first orbital missions showed portions of craters and sweeping sandy 
but were important mostly because they showed it was possible to sent 
.. spacecraft to Mars. Bret Drake, the lead engineer for NASA, says the 
engineering required for the early orbital missions and to land on 
ee Mars involves complex scientific calculations. There were ma: 
: communication challenges: while a lunar exploration 
ASS involves real-time transmissions, there is a delay as 
short as six minutes and as long as 40 minutes 
; / between Marsand Earth. 
: 
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Mariner 9, another flyby orbiting craft sentin \ 
1971, showed more detail because it had two focal 
lenses, one for wide angle and one for normal focus. 
According to Bennet, Mariner 9 did not reveal any 
additional scientific clues, but showed the planet surface 
in more detail. 








Outcome: Success 

Details: Landed on the 
polar region to collect 5 
ice samples, searching 

for microbes to see if 

there is life on Mars. 


Outcome: Success 
Details: Rovers did 
experiments on Martian 
soil. Opportunity is still 
Co) ofeyccluCo voted lov lms) ey ball 

is dead. 


Outcome: Arguable 
Details: Mineralogical 
mapping from orbit; 
included the Beagle 2 
lander that didn’t 
make it to the surface. 


Outcome: Success 
Details: First attempts 
to survey ice on Mars 
and determine if 
water occasionally 
appears. 


returning the first 
images of orbiting 
moons around 
Mars, but witha 
short life span due 
to software errors. 


Type: Orbiter/Lander 
Outcome: Success 

bye eo 

Lander and orbiter; took 
thousands of images 
until the batteries died. 
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2/6/2003 MARS EXPRESS 


10/6/2003 MARS ROVERS 


9/9/1975 VIKING 2 
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Mariner 4’s orbit 


Seeing the big picture 


In 1965, NASA‘s radio transmission technology was not unlike current communication 
techniques. Mariner 4 used the S-band frequency at 2.3GHz to send the images back to 
Earth. NASA later upgraded to the X-band and then the current Ka-band (at 32GHz). 

According to James Garvin, the first Mars images from Mariner 4 were created using 
aprimitive video camera that captured images using varying levels of electric pulses, 
at varying levels of light, and then converted the images to a digital signal. 

“The Mariner missions showed the first real hope that Mars was as exciting as we 
hoped,” says Garvin. “There were interesting landscapes; the planet was notjust a flat 
lunar landscape and opened our eyes to doing the Viking lander missions.” 


Landing on the surface of Mars 


In 1975, just four years after the last orbital mission with the 
Mariner 9 mission, NASA embarked on one of the most 
significant Mars explorations in history. The Viking missions 
involved two orbiters and two landers that would, for the first 
time, collect real scientific data from the Red Planet and 


transmit the results back to Earth. 


winds are notas harshas once believed — they would not 
destroy a visiting craft. , 

“The Viking missions showed that Marsisa cold, sterile, dry 
desert ofa world,” says Garvin. “The missions gave us 25 years 
worth of data toexamine.” 


According to James Garvin, the NASA chief scientist, the 


Viking missions were revolutionary in that they made several 
scientific discoveries: eg that the atmosphere is 1/100 of the 
Earth -much thinner. The Viking missions also mapped the 
surface of the planet, accurate within a couple hundred metres 
per captured pixel. The mission mapped the climate 
conditions, examined soil mixtures, and looked for trace gases, 
all using a mass spectrometer that captures data like a chemical 
fingerprint reader. Garvin says the Viking landers also createda 


Anatomy of o Mars rover 


Solar-powered golf carts? 


geomorphology of the planet that showed the surface was 2 y recharg ng t 172 kilos, the 


sandy and dusty, yet does not change as much as the moon or 


large asteroids. 


One of the most interesting findings involved examining the 
oxygen isotopes on the surface, and then comparing them to 
meteors found on Earth that astronomers believe came from 
Mars. The Viking missions eventually showed that Mars hada 
planetary make-up that is not unlike Earth: a volcanic core and 
arocky surface, unpredictable wind conditions, long stretches 


ofsunny days and static temperatures. 


Yet the mission also showed that Mars does not have high 


Allimages courtesy of NASA 





Not your usual remote 
controlled toys... 


amount of 
power to move - one 
charge provides only 
about an hour of 
movement, so they 
are - as Garvin 
describes them - 
like slow-moving 
turtles. 


lithium-ion batteries not 
unlike the one ina laptop 
computer. Because Mars is 
twice as far from the Sun as 
the Earth, solar charging is 
not nearly as fast as it is on 
our own planet, and the 
rovers only move about 100 
metres per day at most. 





likely to be extremely old. The mission showed thatsurface _~ ' 





The three 
most 
famous 


crafts 
Three famous 
Mars orbital 
explorers 














Famous for being first, 
Mariner 4 sent the first 
images of the surface of Mars 
back to Earth - disproving 
the river bed theories but 
revealing new possibilities, 
suchas the likelihood ofice 
at the polar caps and in mid- 
latitude regions. 


Name: Mariner 9 


Mariner 9 was the orbiting 
craft that showed NASA that 
a Mars landing would be 
worthwhile, revealing 
greater detail about the 
lumpy surface, wind-blown 
dunes, and massive craters. 
Mariner 9 also revealed that 
what we thought were river 
canals were actually 
shadows from the sandy 
terrain and deep crevices. 


Name: Mars Global 
Surveyor 


The Mars Global Surveyor, 
launched in 1996, was the 
first time NASA sent an 
orbiting vessel to the planet 
in ten years. For the first 
time, NASA was able to 
capture images that showed 
traces of polarice caps 
receding over time. 








How will man 
get to Mars? 


Sending humans to Mars is a complex 
engineering task, but still possible 


Sending an orbiter to Mars and landing on 
the desert planet is difficult; sending a 
manned mission is even more daunting. 
Over the past few years, NASA-under the 
direction of Bret Drake - has developeda 
detailed plan to send humans to Mars. 
One of the most critical questions 
involves the number of people to send. 
Drake says it is a physics and economics 
debate. More humans would mean more 
discoveries but a greater overall costanda 
slower trip. Fewer passengers meana 
smaller vessel, lower costs, anda greater 
possibility for returning with samples. 
His plan calls for sending supporting 
cargo vessels first. Since the orbits only 
align every 26 months, it meansa fairly 
complex mission structure: sending the 
cargo vessels, getting the astronauts ready, 


Any manned mission to Mars 
will need to be self-sufficient 


waiting for the cargo to arrive as the human 
mission departs. 

According to Drake, a mission to Mars 
would likely last about two years, including 
abouta year collecting data on the planet. 
There is some debate, outside of NASA, that 
a first visit to Mars should be a one-way 
mission where the visitors plan to stay the 
rest of their lives, requiring far less fuel and 
more cargo such as food and water. 

Drake says fora human mission to be 
successful, NASA engineers must devise a 
way fora Mars base to be self-sufficient: 
generating oxygen and power (likely usinga 
small nuclear reactor) on its own. 

Why a human mission? Drake says only 
humans can make random observations 
and perform complex tasks such as drilling 
below the surface. 
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MMYOUOKAOWP NASA hopes to send a manned spacecraft to Mars as soon as 2031 





_ Approach delivery area 
Ai 


Guided light, compensating 
for off-normal atmosphere 
and vehicle performance 
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Hypersonic 
entry phase 


Pinpoint entry target for 
supersonic parachute 
deployment 


Parachute phase 


Powered 
descent phase 


Pinpoint 
landing 


Mars surface 















to Mars would require a a 
THe FM VeNyeoneyee mia 
Once launched, there is no ‘second attempt’ ae — 





aes res must be successful. In order to make it all the way to 
ES ae 


Mars, the vessel would likely weigh as much as the Space 
Station (400 metric tons including the instrumentation and 
cargo), so it must be launched from Earth orbit because it is too 
heavy to launch from Earth. This is where the Orion spacecraft 


comes into play. The Orion, designed for a moon visit, would be 
used to get astronauts to the Mars vessel. 
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The Herschel crater 


Mimas, Saturn’s closest moon, looks like the Death Star 
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with its massive impact crater 


= 

e) kilometres away. The moon is believed 

tohave created the Cassini Division, a 
4,800-kilometre gap between Saturn’s Aand B 
rings. Mimas has an average diameter of 396 
kilometres, with an ovoid shape. This is due to its 
low surface gravity - about one 25th that of Earth’s 
moon -as wellas the strong gravitational pull from 
Saturn. The same side of Mimas always faces 
Saturn, and it has an asynchronous rotation 
(meaning that it takes the same amount of time to 
both orbit and rotate on its axis) of 22.5 hours. 
Mimas has avery low density, about 1.17 times 

that of water, so astronomers believe that it 


The Herschel 
crater mystery 


Mimas'’s most distinguishing feature is also 
something ofa mystery. Astronomers cannot 
figure out why the force necessary to create 
such a wide, deep crater didn’t destroy the 
moon completely. The massive impact appears 
to have left fissures on the opposite side of the 
moon, although these may also be the result of 
cracking in its icy surface. If Mimas had been 
destroyed, its remaining pieces might have 
become other Saturnian moons or even formed 
another ring around the planet. It is not known 
exactly what caused the crater, which hasan 
unusual, hexagonal shape. It could have beena 
massive meteor, or rubble that broke away 
during the formation of Saturn's moons. 


Of Saturn’s major moons, Mimas is the 
closest to the planet at 185,520 


probably comprises a small rocky core with an 
outer layer of ice. It appears to be solidly frozen at 
about 64 Kelvin. The moon‘s main geological 
features are chasms and impact craters. 
Mimas is best known for its massive 
Herschel crater, however. This crater 
hasa diameter of 130 kilometres, 
about a third of the moon’s own 
diameter. Its walls are about five 
Rai torilciucsrpevtdomeeCoB tm etter Ndcrchy 
that are 10 kilometres deep. Ifa 
crater of the same scale were 
found on Earth, it would be 
wider than the entire country 
(Jae Vetol- Mg 


Ellipsoid moon 

DIV Roh uM iece celal een a 
Mimas is not perfectly spherical. 
Its longest axis is about ten per 
cent longer than the shortest. 





Although Saturn has more than 60 named 
moons, the majority of them are verysmall 
satellites. Mimas is one of the seven major 
icy moons in Saturn’s orbit. It isin resonance 
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Diameter: 396 kilometres 
Orbital period: 22.5 hours 
pT eile Rice eH 
185,520 kilometres 

Fact: Mimas is best known 
for its massive, Death Star- 
like impact crater 


Diameter: 505 kilometres 
Orbital period: 1.37 days 
Distance from Saturn: 
238,020 kilometres 

Fact: Enceladus is a bright 
NViAliCcManelOaM YT MART (eL Ng 
varying terrain 


Diameter: 1,066 kilometres 
Orbital period: 1.9 days 
ESET Rice 
294,660 kilometres 

Fact: The terrain on Tethys is 
dominated by both a massive 
crater and a wide, deep valley 
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Dione 


Diameter: 1,123 kilometres 
Orbital period: 2.7 days 
ye Teme 
377,400 kilometres 

Fact: Dione orbits Saturn at 
about the same distance that 
our moon orbits Earth 
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id on 13 February 2010, when 
ini passed by Mimas at 9,500km. 


with two ofits neighbours, Dione and 
Enceladus. The orbits of these three moons 
speed up when they get closer to each other 
and slow downas they separate. 
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Diameter: 1,528 kilometres 
Orbital period: 4.5 days 
Distance from Saturn: 
527, 040 kilometres 

Fact: Has a region of craters 
larger than 40km and 
another with smallercraters 
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The 2001 
Mars Odyssey 


The first spacecraft to report the 
existence of water on Mars 


Launch 

Date: 07/04/01 
Launch vehicle: 
Delta II rocket 
Launch base: Cape 
Canaveral Air Force 
BS) e-1t(o)a) 


The box-like body of the 


Odyssey is constructed of 
aluminium and tough, yet 
¥ very light, titanium. It 
features one main engine that put it into 
the orbit of Mars, and four small thruster 
engines that correctits attitude and 
trajectory when necessary. 

It guided itself all the way to Mars 
using a star camera to check its position 
in relation to the star field. This 
information was checked with an 


NS ee YE lecme-tel licen) 
environment experiment) 
Using a 68-degree field of view, MARIE detects th 


inertial measurement unit, which 
recorded the craft’s orientation, and it 
used a camera that detected the position 
ofthe Sun. 

Arriving at Mars, Odyssey used a 
technique called aerobraking to obtaina 
circular orbit, 400 kilometres above 
Mars. This used the atmosphere of the 
planet to slow it down, and saved having 
to carry a large fuel load. This phase of 
the mission ran from 23 October 2001 
until 11 January 2002. 
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le meer elie Reels Re amet pid 
DeMille MarR ceR ie Mule Roce ce 
Ironically, it was damaged by a solar particle on the 


28 October 2003, and has not worked since then. 


: faites hit by cosmic rays, 
chemical elements on the Martian 
radiate gamma rays. The 
le) eR eM Tet AVA Ui} 
ts and map the distribution 
Martian hydrogen, silicon, iron, 
ne m, thorium and chlorine. 
instrument package 
of the gamma sensor head, 
Ties} ere (celui sicsleee Male) 
ron detector (HEND) 


Solar array aa 


WMA 
deployed after launch. 
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vehicles on Mars. 


spectrometer 
Part of the GRS package. 


Capture orbit 
ARAD6000 computer that is protected 


from radiation and based on PowerPC 
chips used in Macintosh computers 
controls the craft. It only has 128 
megabytes of random access memory 
(RAM) and three megabytes of memory 
in the case of a power cut. 
Communications between the 
Odyssey and Earth is conducted using an 
X-band microwave system, while an 
ultra-high frequency system is used to 
communicate with the craft on Mars. 


Aerobrake orbit 


Map orbit 


High-gain antenna 
arose ean) 
the orbiter and Earth in X-band. 


Arrival 
Date: 24/10/01 


Wel 

The 2001 Mars Odyssey 
craft is part of NASA’s 
long-term project to 
explore Mars, look for 
evidence of life and find 
landing sites for future 
missions. Its mapping of 
the mineral and chemical 
elements of Mars, from 
February 2002 to August 
2004, revealed huge 
amounts of water ice 
beneath the surface of the 
polar regions. 

Odyssey is also used to 
relay communications 
from the Mars Exploration 
Rovers, Spirit and 
Opportunity, andthe 
Phoenix Lander craft, 
back to Earth. 

Odyssey’s mission 
continues until 2015, you 
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Star cameras 
Part of the Odyssey’s 
navigation system. 


High energy neutron 
: Be & (HEND) 


Part of the GRS package. 
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y and Mars planet 


al electronics assembly. 


THEMIS (thermal emission imaging system) 

The Sun heats the Martian surface and this is radiated back into space. THEMIS 
maps the presence of different geological material that radiates this heat in nine 
different bands of the infrared spectrum. At night it can detect any thermal hot 
spots, and it can record surface images in the visible spectrum. 


can follow its progress at 
the 2001 Mars Odyssey 
website http://mars.jpl. 
nasa.gov/odyssey. 
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Cassini-Huygens 
isan orbiting 
spacecraft 
resulting from 
collaboration among NASA, 
the European Space Agency 
and the Italian Space Agency 
(ASI). The spacecraft 
comprises two parts: the 
Cassini orbiter and the 
Huygens probe. 

This spacecraft is the 
biggest and most elaborate 
interplanetary space probe 
ever built- partly due to the 
extensive technology needed 
to conduct more than 25 
planned investigations 
during the mission. Cassini 
also had to be able to make 
the long, difficult journey to 
Saturn. It took over six years 
for Cassini to enter the 
planet's orbit. On the way to 
Saturn, Cassini conducted 
fly-bys of Earth’s moon, the 
asteroid 2685 Masursky, 
Venus, as well as several of 
Jupiter’s moons. 

The Huygens probe landed 
on Titan and began 
transmitting data on 14 
January 2005 while the 
Cassini orbiter continued on. 
The mission objectives 
included conducting studies 
ofSaturn’s atmosphere, 
magnetosphere and rings. 
The Cassini-Huygens mission 
wasalso intended to learn 
more about some of Saturn's 
satellites. This included 
studies of the atmosphere 
and surface of Titan and of 
the surface of Iapetus, 
Saturn's third-largest moon. 
While the original mission 
ended on 30 July 2008, NASA 
has extended it because the 
Cassini orbiter is still 
functioning and in good 
condition. Now renamed 
Cassini Equinox (which will 
change to Cassini Solstice), 
the mission is planned to 
continue until 2017. 





The Huygens probe 


After separating from the Cassini 
orbiter, the Huygens probe descended 
via parachute and landed on the surface 
of Titan in what appears to bea 
floodplain covered with small chunks of 
ice. The main portion of the probe's 
mission was the descent itself, which 
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Our solar system 








Cassini-Huygens 


The mission launched in 1997 to explore 
Saturn and its many moons 





1. High-gain 2. Radar bay 
antenna Contains three different 
Uses telemetry to sensing instruments that 


relay information 
collected by Cassini 
back to Earth. - 


use microwaves to map 
the surface of Titan. 





















3. PWSA 
The plasma wave De Fields and 
subsystem antenna particles pallet 
receives and measures Contains six different 
the radio waves instruments used to 
emitting from Saturn study magnetic fields, 
as well as those from plasma fields and dust. 
6. Huygens 
eae not 
4. Remote Sit 
sensing pallet In addition to the probe 
5 itself, Cassini carried 
Contains four different ordbaseonord 
instruments, including equipment (PSE) that 


cameras, used to make 
observations on the 
electromagnetic 
spectrum. 
Li 





" remained attached after 
4 the probe's departure. 
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8. Radioisotope 
thermoelectric 
) generator 

pa Cassini has three of 

“| these, which provide 
power for everything on | 
board as well as its 
altitude thrusters. 






a. 
7. Engine 


Cassini has both a 
main engine and a 
spare engine. 








took about three hours. As the probe 
passed down through the hazy 
atmosphere, it transmitted radio data to 
Cassini (which in turn relayed it to 
Earth) as well as nearly 300 images. 

This mission revealed that Titan hasa 
dense atmosphere comprising nearly 98 
per cent nitrogen gas, with hazy clouds 
made of methane and ethane that rain 


down onto the surface. This atmosphere 
reflects back what little sunlight reaches 
the moon, contributing to its low 
average surface temperature of -179°C. 
The surface of Titan is covered with 
dunes along its equator, and both rough 
and smooth areas elsewhere. These 
were likely formed by lakes and rivers of 
liquid methane and ethane. 










The Statistics 
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Cassini orbiter weight: 
2,125kg 
Huygens probe weight: 
320kg 
Bele ete Hetil) 
metres high x four metres wide 
Power: 885 watts 
Launch: 15 October 1997 
Cost: $3.27 billion 





The complex 
Cassini 


Atnearly 6,000 kilograms 
at launch, the Cassini isthe 
second-heaviest 
exploratory spacecraft 
built to date. It containsa 
massive number of 
components, housing more 
than 1,500 electronic parts 
and over 14km of cable. The 
Cassinialso houses 12 
different instruments, 
while the Hugyens probe 
housed six. 


(4 
Learn more 


For the latest info on the Cassini 
Equinox mission, check out the 
NASA website saturn.jpl.nasa. 
gov. NASA also has a DVD about 
the Cassini-Huygens mission 
called Ring World. A free podcast 
download is available at http:// 
tinyurl.com/36rjwf2. 


Of Jupiter taken by 
im 2000is the most 
detailed ever seen 


RS-88 rocket test 





bol * Spectacular 
7 Ea. rocket test 


Z - This fiery photo reveals an incredible view of the RS-88 


we - rocket engine used in the Pad Abort Demonstration 

= - tests important to the development of safe escape 
c : ; a systems for crews on board NASA’s Orbital Space Plane 
bs a ps during liftoff. Four RS-88 engines, designed and built 
e a m , ia by the Rocketdyne Propulsion & Power unit of Boeing, 
3 i ' P MiVey com EcLKcy UIs =l0 AKO n=) orb e-IKck- RU) ev (@(cBaneveer-me)tciucoyeney 
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simulating a crew being safely carried away Yd 
vehicle after an aborteddaunch. 

F + 

169 

















Pn 
GB ae Ate) 


Window on the world 












Brand new 
window on 
eM elas 


Floating just below the International Space 
Station, 300 miles above the Earth, astronaut 
Nicholas Patrick puts the finishing touches of 
the newly installed cupola space windows. 
With the dome-shaped observation 
deck attached the ISS reached 85 

per cent completeness. 
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The cupola’s fully opened windows look down on 
the Sahara Desert in this image that was ‘tweeted’ 
from space by JAXA astronaut and Expedition 22 
flight engineer Soichi Noguchi. 





DM-e fires up 
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Biggest. Rocket. Ever! 


There's three words that can’t fail to conducted by ATK Aerospace on 31 August 2010 in ground test firing is what is knownasa “cold motor” 
pique our interest when put together. Promontory, Utah. test. This is accomplished by chilling the DM-2 down 
This is the Development Motor-2, or DM- The DM-z2is the largest and most powerful solid to 40°F. This is done to measure how the motor 

2, getting ignited duringa statictest rocket motor designed for flight. The horizontal performs at very low temperature. 
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Shuttle’s last 
Vey mates 
launch 


After low cloud forced a no-launch the previous 
night, at just after 4am EST on 8 February 2010, 
Space Shuttle Endeavour successfully completed 
its last ever night launch from Kennedy Space 
Center, embarking on a 13-day mission to deliver 
equipment to the ISS. 
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Finding a name 

NASA held an online poll in 2009 to name the new life support module 
known then as Node 3. The winning name was that of American comedian 
Stephen Colbert. However, NASA instead opted for “Tranquility” butstill 
namedatreadmill in the component after Colbert. 


S a 
a oo = 
- - 


— 


eT eye myo ee 


How the latest and greatest technology keeps 
astronauts alive in space 


O)qyoeb PUNO HleCUB Cmdr AU Nl 
of humans, with low concentrations 
causing blackouts or fatigue. The 
circulation of oxygen on the 


water. A molecule of water contains two hydrogen 
atoms and a single oxygen atom. On Earth, oxygen 
is produced when water is split by plants as part 

of photosynthesis, however, on the ISS this process 


by the solar panels splits water into hydrogen and 
oxygen gas. To keep the air clean and breathable, 
an air circulation system vents waste gases (from 
both humans and machinery) into space. Oxygen 


International Space Station must be closely 
controlled to ensure the well-being of the crew. To 
provide breathable air, oxygen is taken from 


Air cycle on the ISS 


Almost every waste productis reused on the ISS, 
making the station almost self-sustainable, 
although it does require some additional supplies. 
This diagram shows how the system works. 


Tranquility 


One of the last components to be 
installed on the ISS, Tranquility 
(originally known as Node 3) 
provides additional room for 
crew members and also 
enhances the life support 
systems already present on the 
station. It has a water recycling 
unit, generates oxygen and is able 
to recycle the air to minimise 
waste products. Tranquility is 
about six metres long and four 
metres in diameter, and also 
includes a work module with six 
windows which allow astronauts 
to view their surroundings and 
the ISS. 


is mechanical. 
The majority of oxygen on the ISS comes from 
‘electrolysis’, where an electric current powered 


tanks are also attached to provide additional air 
to be pumped into the station. These arrive as part 
of supply missions to the ISS. # 







Carbon dioxide is removed 
from the breathable air, 
mirroring the effects of 

photosynthesis on Earth. 
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Humidity 
and temp 
control 













Air recycled 
Used air is 

purified to make it 
breathable again. 


COz 
removal 


Overboard 
heating 





Cabin air 












Waste 





products ‘“ Any 
fi a irregularities 
B eeeribly in the air are 
Unfortunately, not . filtered out. 
all waste can be reused | 
on the ISS, and some is Oxygen 
taken back to Earth. = ; . 
™ 
, — H2 . 
Water can be taken from f Oxygen and \ Oxygen 
human waste and once it } nitrogen \ generation } 
has been filtered, can be control / ' Overboard 
used again. Urine 7 , ~- venting 
& Nitrogen/ Oxygen is taken 
& A from the water, and 
Water hydrogen is em 
rocessin: as waste. 
Product water 4? 9 
deine The environment in the ISS 
Crew utilities must mimic that of the Earth’s 
f Water is recovered from a variety atmosphere to be breathable, 
Waste water of sources and can be recycled. so nitrogen is pumped in. 
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How space 
pens write in 
zero gravity 


The anti-gravity pen 


adopted for countless 
space missions explained 


Inthe Fifties, American Paul Fisher noted that 

ballpoint pens relied on gravity, and that they 

could not function properly without it. This 

meant that the ballpoint pen was very limited 
inits use, so Fisher decided to develop his own idea for an 
anti-gravity pen. 

Inside the ink cartridge of a space pen is pressurised 
nitrogen that continuously feeds ink into the head of the 
pen, a tungsten carbide ball, in place of gravity. Fisher also 
used thixotropic ink, which is very thick and viscous when 
stored in the pen (so it doesn’t flow out), but free-flowing 
when pressure is applied. This also means the pens can 


write upside down and on almost any surface, including 
wet materials, snow, underwater and on plastic. NASA was 
so impressed with the design that it began using them on 
its space flights, starting with Apollo 7in 1968. 


©Cpgioo The Fisher space pensare available 


to buy and use here on Earth 
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“Inside the ink cartridge 


ofaspacepenis — 
pressurised nitrogen 


’ 





As astronauts do not have access 

toarefrigerator, any food they 

take must be non-perishable. 

And neither should the food shed 
any crumbs or other debris that might 
damage equipment on board a spacecraft. 
Most of the food is freeze-dried, and all the 
water is removed to extend the shelf life and 
allowit to be more easily stored. When 
eating the food, an astronaut will add water 
to make it edible. 

Astronauts select their own meals froma 
large range of items suchas chicken teriyaki 
and beef stroganoff. They eat four meals a 
day and consume 3,200 calories. Engineers, 
dieticians and food scientists design the food 
to give astronauts their recommended daily 
vitamin and mineral intake. 

Early space flights had food in the form of 
liquids and pastes, but now itis mostly in 
solid form in cans and packages. Sometimes 


ay 


Jamie's school dinners 
make it into spaces, 


Find out what passes as a good 
meal when you're in space 








fresh fruit and vegetables are brought to the 
station to give the astronauts some variety in 
their diet. Most people claim that space food 
tastes just fine, although the effects of living 
ina weightless environment will make the 
taste buds much less sensitive, so the food is 
enhanced witha number of sauces and 
condiments for extra flavour. 


nutritious, 

rite beefjerky 

_ Bit! §=©makesideal 
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KOT Jupiter's Ganymede is the largest moon in the solar system, three times the size of our own 


Vostok 1 


We look back at how the first 
man ventured into space 


Apollo 
computers 


How dida machine witha 
calculator’s computational power 


fly a spacecraft to the moon? 


In 1969, NASA tasked the MIT Instrumentation Lab 

with creating the world’s first integrated circuit 

computer that, while orbiting the moon at 

3,500kmph, could land a 13,000kg spacecraft on the 
moon’s surface and return to orbit on its first attempt with the 
equivalent of 4kb of RAM. It devised two computers for the 
Apollo capsule that were largely automated, but allowed some 
input from the astronauts. 

The computer worked by completing tasks in four 
milliseconds and checking for new higher-priority tasks every 
20 milliseconds. Commands such as firing the boosters were 
pre-programmed into the machine, meaning that when the 
landing began, the computer hada specific sequence of tasks to 
carry out. 

The computers had very little memory, so different 
components performed multiple time-dependent tasks at 
varying points in the mission, unprecedented multitasking for 
acomputer of that age. The system was designed to retain the 
most crucial information if it had to reboot and perform the 
highest-priority task. This proved invaluable during the first 
moon landing, when a fault repeatedly restarted the machine. 
With ground control unsure of whether to abort the mission 
or not, it transpired that the computer would still be able 
to operate and land the Lunar Module, and so the mission 
went ahead. 


The display and 
levioard imi (DSKY) 


Memory 

The computer's fixed and erasable memory was 
madewith iron cores woven into copper wires 
and encased in plastic, with the erasable 
memory using magnets to alter its data. 


Display 
Warning lights 
displayed in 
the 

upper-left, 
whilea display 
containing 
data and 
commands 
wasinthe 
upper-right. 


Fixed 

Fixed memory 
contained 
75kb 

ofvital 
programs and 
co-ordinates, 
the equivalent 
of four 
seconds ofa 
three-minute 
MP3song. 





Verb 

Toinputa command, suchas 
manoeuvring the module, an 
astronaut would press the 
Verb button, followed by the 
corresponding numerical 
button for that action. 


Noun 

The Noun button, 
followed bya number, 
wouldallowastronauts 
toinput datainto the 
computer to be re-used 
ata later date. 





On12 April 1961, Yuri Gagarin 
became the first man to reach 
low-Earth orbit, otherwise known 
as ‘space’. He travelled there inside 
ametal sphere knownas Vostok 1, the world’s 
firstmanned spacecraft, beating American 
Alan Shepard into space by just 25 days. 
Vostok1wasa spherical cabin, coated 
entirely inan ablative material to actasa 
heat shield as it re-entered the atmosphere. 
There was a window out of which Gagarin 
could view the Earth, and an ejector seat for 
his return (as he would separate from the 
capsule as it re-entered the atmosphere). 
Beneath Vostok1 was a service module 
containing the chemical batteries and rockets 
to manoeuvre the spacecraft. After almost one 
complete orbit of Earth, lasting 68 minutes, the 
spacecraft re-entered the atmosphere and 
landed in Kazakhstan an hour and 48 minutes 
after launch. 






















As Gagarin ejected from the spacecraft 
before it landed, under FAI (Fédération 
Aéronautique Internationale) rules it did not 
qualify as an actual space flight, although the 
Russians kept this quiet for several years after. 
Nonetheless, Gagarin was still the first human 
to venture into space. 





. a: Antennas 
nsi @ i External radio antennas 
Vos tok 1 - —- provided continuous 
<< communication with 
- rs a ground control, transcripts 
How the spacecra ft Ma ene Yes of which show Gagarin 
that took the 4 fo A repeatedly assure 
fi rst man into controllers he was fine. 
space worked 
Portholes 
Inaddition toavisorto 
Instruments view the world, three 
Avariety of portholes gave 
instrumentsallowed Gagarina view of 
Vostok’s pressure, hissurroundings. 
temperature and 
position above Earth Entry hatch 
en Uponre-entry, this 
4 hatch was blown off 
and Gagarin’s ejector 
seat fired him to 
safety, landing 
by parachute. 
Out of control 
Gagarin had no 
control over the 
spacecraft as Sucha groundbreaking 
scientists were event was headline news 
unsure how humans ne 
would operate in 
weightlessness, 
although he did have 
an emergency 
override key. 
Life support 
Spherical oxygen and 
nitrogen tanks provided 


breathable air for Gagarin, 
inaddition to propulsion 
forthe spacecraft. 
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Test equipment 
Any equipment used for zero-gravity research has to 

fit through the standard-sized 1.93 x1.07m (6.33x3.51ft) 
passenger door. It has to withstand up to 9g of force 
exerted from the front of the aircraft. 


©ESANovespace 


How a vomet 


comet trains 
astronauts 


Find out how fixed-wing aircraft 
can simulate zero-gravity 
conditions for astronaut training 


When anaircraft follows a parabolic flight path, 

it creates a weightless period for several 

seconds. This is ideal for providing astronauts 

with the sensation of zero gravity and testing 
equipment for use in outer space. A typical three-hour 
training mission makes at least 30 parabolic flights. They 
can simulate zero-g for 25 seconds, one-sixth g (lunar-g) for 
30 seconds or one-third g (martian-g) for 40 seconds. 

In1959, NASA used a Convair C-131 Samaritan aircraft to 
train the Mercury programme astronauts. It was quickly 
nicknamed the ‘vomit comet’, as one in three passengers 
became violently sick. 

Mostaircraft used for such flights are adapted versions of 
transport or commercial passenger aircraft. NASA 
currently uses a McDonnell Douglas C-9 and the European 
Space Agency uses an Airbus A300. 

Since 2004, commercial companies started offering such 
flights to the public, and NASA offers a scheme for students 
to design and fly micro-gravity missions. 
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Biomedical 


Checking 





Fullapproval has to be gained to 
test humans in zero-g. An ethics 
committee consisting of18 experts 
has to approve the experiment. 


Allflight personnel have to passa thorough 
medical examination before the mission. 
Equally, all test equipment is checked and 
approved before the flight. 





=, Peasy 
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Airbus A300 
The French company Novespace operates the 
‘zero-g’ Airbus A300 on behalf of the European 
Space Agency (ESA) from Bordeaux-Mérignac 
Airport. The Airbus was purchased in1996 and 
was strengthened to deal with the demanding 
stresses of parabolic flight manoeuvres. Each 
flight carries five pilots, with three working in 
the cockpit at the same time. 


The parabolic flight manoeuvre 


1. Entry pull- 


up phase 
Flyingatan 
altitude of5km 
(16,404ft) ata speed 
of 825km/h 
(513mph), the 
aircraft ascends at 
47 degrees. Up to 2g 
is experienced. 


6,100m (20,000ft) 


2. Injection point 
In2osecs, at an altitude 
of 7km (22,966ft), the 
aircraft reaches the 
injection point. Engine 
thrustis reduced and in 
five secs enters the zero- 
g phase. Speed drops 
from 570km/h (354mph) 
to370km/h (230mph). 


. Injection phase 
5 seconds) 


3. Zero-gravity 
phase 
Atthe microgravity 
phase, lasting 20 secs, 
zero-gis experienced. 
Usinga video link, 
pilots can control the 
aircraft to keep 
objects free-floating 
inthe testing cabin. 


4. Pull-out 
phase 
The free-falling 
aircraft is pulled 
out of the zero-g 
phase, andin2o 
secs it descends at 
42. degrees to its 
original cruising 


speed andaltitude. 


5. Repeat 
Afterreturning 
tonormal-level 
flight for two 
mins, the 
parabolic 
manoeuvre is 
repeated.30can 
bedoneina 
three-hour flight. 
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_.fecovery point 


370km/h 


(230mph) 


570km/h 


(355mph) 


825km/h (513mph) 
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1 minute 10 seconds —————————41 
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Accidentally on purpose 

Luna1 carried the Soviet coat of arms and was initially intended to 
impact with the moon’s surface. However, itmissed by about 
9,656km (6,000 miles) and accidentally became the first spacecraft 
to fallinto orbit with the Sun. 





MDYOULMIEWP Lunci was the first man-made object to reach the escape velocity of Earth - 40,234km/h [25,o00mph] 





Luna 1 


How did the first spacecraft to 
reach the moon work? 


‘Luna’ was the name of the series of Russian 

spacecraft that made the journey to the moon from 

1959 onwards, starting with Luna1on 2 January that 

year. It flew by the surface of the moon ata distance 
of just under 10,o00km (6,000 miles) after a 34-hour journey. 

Luna1made some key discoveries in its pioneering mission, 
including the lack of a magnetic field around the moon anda 
flow of ionised plasma emanating from the Sun that we now 
know to be solar wind. It also provided useful data on the Van 
Allen radiation belts surrounding the Earth. 

Interestingly, when it was 180,000km (111,847 miles) from 
Earth, Luna1releaseda 1kg (21b) golden-orange cloud of 
sodium, allowing astronomers to track the motion of the probe 
from Earth in addition to serving as an experiment on the 
behaviour of gas in space. In doing so, Luna1became the first 
ever artificial comet. 


Pewee Maile (= 


Luna1was strapped atop a modified intercontinental 
ballistic missile called the R-7 Semyorka, knownas the 
SS-6 Sapwood in the west. It carried out many successful 
launches including Sputnik1and Vostok 1, the latter of 
which housed Yuri Gagarin, the first man in space. 
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Ayes e ei) 
Retired: 1964 


Payload: 4,730kg (10,428lb) 
Thrust: 3,894 kilonewtons 
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The spacecraft is one of the crowning Luna1was the first in the Soviet's 
achievements of the USSR’s space missions moon exploration program 


Inside 
Luna 1 


Communication 
Radio equipment and a tracking 
transmitter provided communication 


with ground control. Radiation 
AGeiger counter on board 
Luna1let scientists measure 
Propulsion the intensity of the Earth’s 
Lunaihadno propulsion radiation belts. 
system, achieving all ofits 
speed from the initial 
launch from orbit. Magnetometer 
The discovery of the 
lack ofa magnetic field 
Scintillator surrounding the: moon 
Apiece of was made possible by 
equipmentknown the magnetometer. 
asascintillator 
detected the 
presence of 
high-energy 
particlesinthe 
outer Van Allen 
radiation belt. 
Stages Power 
Once the rocket Lunaiused 
hadsetLunaiona chemical batteries 
path for the moon, for power, which 
it detached from its ran out ofjuicea 
container to day afterit passed 
ensure thatits the moon, 
equipment did 
not overheat. 


©Science Photo Library 






Cone Dust 
Acone protected On3January1959, 
the rocket from Lunai1ejecteda 
overheating when cloud of sodium so 
passing through the that it could be 
atmosphere. Itwas observed from 
discarded in space. the ground. 
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Bound by its motto ‘fO 


dan obligatio 
NASA has Na d scientific 


technological an Works takes a loo 
heres. How It Fed in your very OW 


commercial sph 
resultant inventions you can 
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Details: Spin-off from 
abel elem cetcy-t- ein) Ke) 
impact absorption foam. 
as a 
*) Many tools, machines and facilities within 

your own home have their origins in 

research undertaken by NASA over the past 
40 years. Technology originally designed to aid 
space exploration and to landa human on the moon 
—an endeavour instigated by US President John F . 


Kennedy back in 1961, where he announceda series\, 


of exciting new missions including the 
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Personal computers 


Details: Made possible thanks 
to NASA's adoption of the tech 
during the Apollo Program. 


Cordless tools 


Details: Invented in 1965 
to help astronauts collect 
moon samples. 


groundbreaking Apollo Space Program, as well 
as numerous research projects —- has been 
successfully and creatively spun-off to create some 
ofthe staple, day-to-day products we now take 
completely for granted. From golf balls to gamepads 
and computers to crash helmets, NASA’‘s technology 
has been picked up and adapted by specialist 

. Ge who have brought it into the public 


. 


Scratch-proof 
ye felts) 


Details: A spin-off 
technology that 

emanates from astronaut 7 
visor protective coatings. 





commercial sphere, delivering new and 
revolutionary products that have transformed 
how people live their lives and interact with 
their environment. 

Throughout these next few pages, we delve deep 
into the NASA archives to discover the innovative 
research and inventions that made ten of the most 
common, everyday household products possible. # 











2. America BRONZE 
Following closely behind, 
astronaut Alan Shepard 


3. China 


China's space agency, the 
CNSA, is planning to send a 
became the first American lunar lander and rover to the 
in space, launched in the moon in 2013. This will 
Mercury-Redstone 3 on PRA make them the second ever 
5 May 1961. Cer nation to land on it. 


1, Russia 

The first nation to senda 
man into space, Russia 
launched the Vostok 1 
spacecraft and cosmonaut 
Yuri Gagarin into Earth's 
orbit on the 12 April 1961. 


EESPGSHNEEP NAGA clso invented the ear thermometer, c-spin-off of u technology used! to de 









Astronaut Eugene A Cernan, 
the commander of the Apollo 17 mission, 
driving the Apollo lunar rover 


== Joysticks 
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Mission: Apollo 15 - 17 Date: 1971 
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As withsmoke detectors, joysticks already 
existed before NASA picked up the 
technology, but they were unrecognisable to 
the products we see today. Indeed, it was only 
through NASA‘s work on joystick technology 
asacontrol mechanism for its Apollo lunar 
rover - which would be used in the last three 
Apollo missions to the moon - that we have 
the digital joystick and thumbstick 
technology wesee in cars, planes and 
videogame control pads. 

The lunar rover’s controller was a T-shaped 
joystick and worked througha series of 
motors, four for drive and two for steering. 
Moving the stick forward powered the 
rover forward, left and right turned 
the vehicle left or right, and pulling 
backwards activated the brakes. 
Activating a switch on the joystick 
before pulling back would put 
the lunar rover into 
reverse, while pulling 
the handleall the way 
back activateda 
parking brake. 
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Afterall that timein space and 
thisis when theydinvade 


MYTH BUS 


ies) could spin bolts in zero gravity — 
: without spinning the astronaut 


persia “Zero-impact wrench, a tool that 
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ani} ; 
Although water filters had existed in basic 
form since the mid-Fifties, it wasn’t until 

™ NASApumped resources into its research 

) forthe Apollo Program in 1963 that modern 
J) filtration systems began to emerge. NASA 
led research into this area as large 
quantities of water would need to be 
kept uncontaminated for long periods 
of time in extreme conditions. 

To achieve this goal NASA developed 
asystem that worked by utilising 
charcoal’s ability to absorb (chemically 
bond with) pollutants and particulate 
matter present within water when 
specially treated. This treatment - 
essentially an oxidisation process that t 
opens up millions of tiny pores between 
carbon atoms (the charcoal) - amplified the 
absorbability of the charcoal, which with 
its large porous surface area provided 
many sites for pollutants to chemically 
bond with it through attraction. This left 
the resultant water clear of impurities. 





















Buzz Aldrin as imaged by 


Neil Armstrong during the 
Apollo 11 mission ' r 


The How It Works Daily 
website: it’s out of this world 
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ERA aga een 
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ER of ole eT [DEY Veen es VA ies 5 a ey 
oy aelMm ice pare lalcsvele-ic=re mel « CS Mission: Apollo Program Date: 19 “3 
Once again, NASA technically did not existed. One of the first high-profile 
invent the integrated circuit - which is usages of microchip technology was in 
credited to electrical engineer Jack Kilby the Apollo Guidance Computer with its 
in 1958 - but instead invented newer and DSKY interface, which was used to 
more advanced variants of it. provide on-board computation and 
Indeed, it is easily argued that the control for navigation, as well as control 
NASA’s Apollo Program kick-started the over the command module and lunar 
microchip revolution, with the module spacecraft. 
administration buying more than 60 per Today, integrated circuits can be found 
cent of America’s integrated circuits in almost every area of life, from mobile 
throughout the whole of the Sixties, phones and personal computers to 
deliberately allowing the industry to microwaves and calculators, mainly 























acclimitise itself to mass production and 
stabilising it while few other markets 


thanks to the cheap processing and Scratch-resistant , 


manufacture of microchips worldwide.| lenses | Water filters 
Date: 1963-72 |} Date: 1963-72 
Details: Uncontaminated 





» Microchips 
Date: 1963-72 














Details: Protective, Details: Advanced on- 
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Ta syaeleya 10I RO r\ scratch-proof visors. water on lengthy missions. board electronic systems, 
irate ‘a ; | 


Cordless tools 

. Date: 1965 
Moon boots - Details: Ability to collect 
Date: 1963-72 “ = large rock samples. 
Details: Increased moon _ 
walk ease and comfort. 








Satellite comms 
Date: 1962 

Details: Better space-to- 
180 Earth communications. 










un8) a Cold War Zero-G 
NASA's first major space Project Gemini, dedicated to 
programme was Project developing and practising 
Mercury, a series of missions techniques required for long- 
conducted at the height of the term space exploration, was 


1 aJal 
MISSIONS 


After American President John 
F Kennedy announced the 
Apollo Space Program in1961,a 
deluge of research commenced 
into the practicalities of human 
spaceflight under project 
+ Gemini. One ofthe most notable 
breakthroughs was NASA’s 
collaborative invention with 
tool company Black & Decker 
intoa cordless, zero-impact 
) wrench, a tool that could spin 
bolts in zero gravity without 
spinning the astronaut. From 
this, the research programme 
developed cordless tools fora 
variety of purposes, includinga 
cordless rotary hammer drill 
that could be used for 
extracting rock samples from 
the moon’s surface. 





Impact . 
absorption foam 
Date: 1966 

Details: Protective cabin 
and helmet foam. 


Cold War to successfully take 
an astronaut into space. 


the first project to feature 
American spacewalks. 


These tools worked by 
exploiting the emerging 
technology of small-scale 
rechargeable electrochemical 
cells, which could be grouped 
to forma battery pack capable 
of delivering enough power to 
generate the requisite amount 
of torque necessary to bore into 
the moon’s surface crust. Today, 
this technology has become 
common and widespread, with 
the majority of tools operating 
offa cordless battery pack that 
can be recharged between 
uses. Interestingly, it was 
directly from the research done 
by NASA in the Sixties that 
Black & Decker developed the 
cordless ‘Dust Buster’ hand- 
held vacuum cleaner. 





Joysticks 
Date: 1971 


Details: Efficient, multi- 
directional control. 





5. 


SKYLAB PROGRAM 


Flying solo Disaster ISS 
The only space programme ever NASA's Space Shuttle Costing an estimated 100 
to send an astronaut beyond Program was subject to two billion euros, the International 


low-Earth orbit and land ona 
celestial body was NASA's 
Apollo Program, putting man on 


the moon in 1969, 14 astronauts. 


In1966 NASA invented temper foam, a shock- 
absorbing material designed to improve the safety 
of aircraft cushions. The resultant foam was fitted to 
the helmets and seats of its Apollo spacecraft, a 
lining that would help mitigate some of the extreme 
forces astronauts would be subjected to. 

Temper foam isa polyurethane treated with 
additional chemicals that works as it has both high 
viscosity and density, properties ideal for absorbing 
large impacts and resisting energy flow. In addition, 
the foam is visco-elastic and temperature sensitive, 
meaning that when pressed against a heat source - 
suchasa human -it moulds to that shape, aiding fit 
and reducing unwanted gaps. 

Temper foam was released into the publicsphere 
in the early-Eighties, soon being picked up and 
utilised in medical equipment such as temper foam 
mattresses and sports equipment such as American 
football helmets. Since then the technology has 
been incorporated into everyday cycle helmets and 
can be found in many bedroom mattresses and 
pillows too. 


*. 





Smoke detectors 
Date: 1973 
Details: Improved safety 


on board Skylab. 


major disasters, losing both 
the Challenger and Columbia 
shuttles as well as the lives of 


Space Station is the most 
expensive object ever 
constructed in the history of 
human existence. 


Scratch- 
resistant, 
rotective 
enses 


Spin-off tech: 
Scratch-resistant 
spacesuit visors / 
scratch-proof glass 


and plastic coatings 
Mission: Apollo Program 
Date: 1963-1972 





\ ae 
ry 


ys ee 
Anastronautuses a digital camera to 
expose a photo of his helmet’s visor while 
performing maintenance on the ISS 
After NASA had realised that 
plastics were a lot better at 
absorbing ultraviolet light 
(which can be damaging to the 
human eye) and did not shatter 
if dropped, space visors were 
produced from plastic. 
However, uncoated plastic 
easily scratched and 
considering the amount of dust 
and rubble ina space 
environment (notably while on 
the moon, the chief destination 
ofthe Apollo Program), it was 
determined scratch-proof 
lenses and coatings needed to 
be developed. Due to NASA’‘s 
research, space visors are now 
coated with diamond-like 
carbon (DLC) coatings, that are 
applied in thin films to the 
outside of the visor and 
toughen it massively. Further, 
an offshoot of this technology 
isnowalso available on Ray- 
Ban sunglasses, while Foster- 
Grant historically bought the 
licence to replicate early 
coatings to apply to its 

entire range. 


SPACE SHUTTLE PROGRAM 


a 
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| Drag-resistant 
surjaces 
Date: 1981 
Details: Helping golf balls 
travel further. 










“The lunar boot was actually gn overshoe 
that the Apollo lunar explorer slipped on over 
the integral pressure boot of the spacesuit” 
of one of NASA’s Thor-Delta rockets in 1962, 


{ 
A 
it was a joint project to develop an 


experimental satellite communications — % ) 
system over the Atlantic Ocean. The ) 














élevision 











The first satellite capable of relaying TV 
signals was Telstar1. Launched on the top 






satellite was built by Bell Telephone . 
Laboratories in partnership with NASA. 

The satellite worked by utilising a 
transponder to relay data. It received 
microwave signals through an omni- 
directional array of small antennas located 
around its equator before upscaling and 
amplifying the signal's frequency ina 
travelling-wave tube (this amplifies a 
signal by forcing it to mix with an electron 
beam within a vacuum tube, causinga 
bunching of electrons and inducinga 
higher current build-up, amplifying it as it 
passes down the device) and 
retransmitting them to ground stations. 

NASA continued to develop this 
technology in subsequent satellites, 
producing more advanced systems to 
reduce noise and errors in transmitted 
signals, leading to the ability to transmit 
HD video and audio. 


OP: 












Star Trek: The Original Series 
Season 1 is available now for £69.99/$129.99 
from Paramount Home Entertainment 


Freeze-dried 
foods are now 
usedin 
everyday 
cereals 
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The Apollo lunar suit was an incredibly complex system. However, 
one of the most notable inventions NASA included in its suits was its 
special three-dimensional ‘spacer’ material in the boots for 
cushioning and ventilation. 
Used to give astronauts better control, agility and longevity 
while on their feet, the lunar boot was an overshoe that the 
Apollo lunar explorer slipped on over the integral 
pressure boot of the spacesuit. The outer layer of the ; 
f je lunar boot was made from metal-woven fabric, except Aboot print onthe moon from NASA's Apollo 11 
for the ribbed silicone rubber sole that provided mission. NASA added springy soles anda ventilation 
= extra springiness and comfort while system to space suit boots for the Apollo Program 
moonwalking. Further, the tongue area of the boot 
was made from Teflon-coated glass-fibre cloth 
while the boot inner layers were made from 
Teflon-coated glass-fibre cloth followed by 25 
alternating layers of Kapton film to form an 
@ efficient, lightweight thermal insulation. 

From this technology commercial shoe 
manufactures created a series of lightweight, warm 
and springy running shoes and trainers, which are 

now on-sale worldwide in high-street shops. 
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Modern 
golf ball 
imples 





As part of the Space 
Shuttle Program, NASA 
undertook research 
into maximising the 
drag resistance of its 
2B new launch system’s 
Up ‘ — surfaces, especially 
yg forthe external fuel 
tank. The special 
dimpled surface applied to 
the tank allowed NASA to hit a more 
optimum lift-to-drag ratio, getting more 
distance and stability out ofits launch. 
After being released into the public 
sphere, this aerodynamic coating was 
studied by the Wilson Sporting Goods 
Company, where its engineers learned 
that by applying dimples to the surface 
ofa golf ball, the ball could glide more 
smoothly with less aerodynamic drag. 
With special 3D computer graphic 
software, the Wilson engineers were 
able to predict the progress made for 
their new golf ball and designed one 
with medium-sized dimples that 
created both high lift and far-gliding 





potential. Today, all golf balls utilise this 
dimpled coating technology. 


The smoke detector, while 
invented by Francis Robbins Upton 
in 1890, was not adjustable until 
NASA invented a model with 
variable sensitivity in 1973. The 
units, which were fitted in the 
space station Skylab, were 
installed to detect toxic vapours on 
board which could be hazardous. 
These new adjustable units 
worked through ionisation, a 
second etm UNO oMe bere Rsret=Ul 
quantity of the radioactive isotope 
Americium-241 to ionise oxygen 
and nitrogen atoms ina detector’s 
embedded air chamber, which 
itselfis topped and bottomed with 
two metal plates attached to the 


unit’s battery. This means that 
while ionisation occurs -ie the 
alpha particles of Americium-241 
knocking an electron off the 
oxygen and nitrogen atoms within 
the chamber - the freed electrons 
(which have negative charges) are 
attracted to the plate witha 
positive voltage plate and the 
electron-less atom (with a positive 
charge) to the negative voltage 
plate, creating an electric current. 
When smoke particles froma 
fire enter the air chamber they 
disrupt the current, as they attach 
to the ion and neutralise them. The 
smoke detector senses the drop in 
current and sets off the alarm. 
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The origins of both Ly 2) aes all BT 
atoms and galaxies 
190 Epsilon Eridani 
Earth's nearest planetary 
system explained 
191 When a star dies 
Howastar goes out with 
abang 
19 2 Neutron stars 
The remnants of 
supernovae explored 
19 4 Search for a 
new Earth 
We're on the lookout ° ‘ 
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types of 71 2 Is this the hottest 21 8 Northern lights 
galaxy planet in space? Aurora borealis laid out 
Knowyour spirals WASP-12b feels the heat _ 
from your elipiticals . 2 20 Galaxy collisions 
213 Light years Galaxies crossing paths 
Failed stars explained : 2 Z 1 Types of 
213 Searching for supernovae 
200 The Milky Way hidden planets Light up the universe 
Our home galaxy Detecting far-off objects 
. Comet tails 
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incomprehensible in size 2 2 3 The jellyfish 
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at is gravity? 


What is a nova? 
Novae explained 


Starburst galaxies 
Prolific star formations Red Dwarfs 


Callisto 
Jupiter’s moon 20 4 
Why do planets S ; ps 
have moons? Black ae) 


Rocks in orbit 










Cosmic Microwave 
Background 
Radiation 

Big bang evidence 


Cosmic dust 
Star dust explained 


The hunt for 
extraterrestrials 
How do we find life? 
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Asan elegant 
explanationofthe . 
origins of both atoms 
and galaxies, the big. 
bang is the ultimate . 
theory of everything 


- sunt rote bang theory begins witha simple 
"assumption: ifthe universe is expanding U 

and cooling - something Edwin Hubble 

and company proved at the beginning of 
ar mene a Century - then it must have once 
been very small and very hot. From then on, the simple 
becomes infinitely complex. Big bang theory is nothing 
less than the summation of everything we've learned 
about the very big (astrophysics) and the very small 
(quantum physics) in the history of human thought. 

Cosmologists - people who study the origin and 

evolution of the universe - theorise that 13.7 billion years 
ago, a bubble formed out of the void. The bubble, many 
times smaller thana single proton, contained all matter 
and radiation in our current universe. Propelled bya 
mysterious outward force, the bubble instantaneously 
expanded (it didn’t explode) by a factor of 1,027, 
triggering a cosmic domino effect that created the stars, 
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“The bubble, many aan tne = 
single proton, contgined all matter and. » 
radiation in our current universe” 


The Planck era Time: Zero to 10-7 seconds 


The Planck era describes the impossibly short 
passage of time between the absolute 
beginning of the universe (zero) and 10-43 
seconds (10 trillionths of a yoctosecond, if 
you're counting). In this fraction of an instant, 
the universe went from infinite density to 


Inflation era 
In the Eighties, 
cosmologists theorised a 
period of spontaneous 
expansion in the very 
early moments of time. 
Instantaneously, every 
point in the universe 
expanded by a factor of 





10*° to 10 after big bang 


1,027. The universe didn’t 
get bigger, itjust was 
bigger. Because the 
universe got so big, so 
fast, its naturally 
spherical shape 
appeared flat to objects 
onthe surface, solving 
one of the early problems 
with big bang theory. 


something called Planck density (1093g/cm3), 

the equivalent of 100 billion galaxies squeezed 

into the nucleus ofan atom. Beyond the Planck rs 
density, rules of General Relativity don’t apply, ; 
so the very dawn of time isstilla complete and 

UlaKcy@ cet OVA 


Quark era 

After the explosive inflation period, the 
universe was a dense cauldron of pure energy. 
Under these conditions, gamma rays of energy 
collided to briefly form quarks and anti- 
quarks, the fundamental building blocks of 
matter. Just as quickly, though, the quarks and 
anti-quarks collided ina process called 
annihilation, converting their mass back to 
pure energy. 


10? to 10 





Particle soup 


Ifyou turn the heat up high enough, everything melts. When the universe 
was 10-32 seconds old, it burned at a magnificent 1,000 trillion trillion 
degrees Celsius. At this remarkable temperature, the tiniest building blocks 
of matter - quarks and anti-quarks, leptons and anti-leptons - swirled freely 
ina particle soup called the quark-gluon plasma. Gluon is the invisible ‘glue’ 
that carries the strong force, binding quarks into protons and neutrons. 













Background radiation 


Cosmic microwave background 


radiation (CMB) - which fills the , “ 
universe uniformly - is well - 
explained as the super-cooled 


Expanding universe 
Galaxies outside of the Milky 
Way move away from us at a 
rate that is proportional to their 
distance from us, pointing toa 


Big bang nucleosynthesis 
Big bang theory predicts that the earliest atoms to 
emerge from the dense particle soup were hydrogen 
and helium in a 3:1 ratio. Using powerful telescopes 


TOP 
ACTS 


sid . and spectrometers, cosmologists confirm that the 
EV. iT DEN as | 0 rd afterglow from the original * Rh . 1 continual expansion from a observed universe is 74 per cent hydrogen, 25 per 
THE BIG BANG big bang. IIT EY : single source, cent helium and one per cent heavier elements. 
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X-bosons 


A funny thing happened at 10-39 second 


Let there be light 


The primordial soup of the early photons (light radiation). As more The Grand Unified Force drove the 


universe was composed of pairs of 
particles and anti-particles (mostly 
quarks, anti-quarks, leptons and 
anti-leptons). Picture this ultra-hot, 
supercharged environment as the 
original super collider. Particles 


particles collided, more light was 
generated. Some of those photons 
reformed into particles, but when 
the universe finally cooled enough 
to form stable atoms, the spare 
photons were set free. The net 


after the beginning of time. The 
universe produced huge particles 
called X-bosons (1,015 times more 
massive than protons). X-bosons are 
neither matter nor anti-matter and 
exist only to carry the Grand Unified 


early expansion of the universe, but 
rapid cooling caused X-bosons to decay 
into protons and anti-protons. For 
reasons that aren’t clear, a billion and 
one protons were created for every 
billion anti-protons, creating a tiny net 


result: the universe contains a 
billion times more light 
than matter. 


% and anti-particles smashed 
together ina process called 
annihilation, producing beams of 


Force, a combination of the 
electromagnetic, weak and strong 
forces that exist today. 


gain of matter. This imbalance, forged 
duringa short blip in time, is the reason 
for our matter-dominated universe. 





Separation of the 
Electroweak force 


During the Planck era, the four forces 
ofnature were briefly unified: gravity, 
the strong force, electromagnetism 
and the weak force. As the Planck era 
ended as the universe cooled, gravity 
separated out, then the strong force 
separated during the inflation. But it 
wasn't until the end of the Quark era 


SS Newnan este eats that the universe was cool enough to 








ane cengerta toe U silts separate the electromagnetic and 
boson after two protons weak forces, establishing the physical 
collide in the LHC laws we follow today. 
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28) ele energy, cn 
bizarre form of matter that works _ 
in opposition to gravity” cae 


The origins of matter 


Everything in the universe - the 
galaxies, the stars, the planets, 
even your big toe -is made of 
matter. In the beginning (roughly 
13.7 billion years ago), matter and 
radiation were bound together ina 
superheated, super-dense fog. As 
the universe cooled and expanded, 
the first elemental particles 
emerged: quarks and anti-quarks. 
As things cooled further, the strong 
force separated, pulling together 


Hadron era 


When the expanding universe cooled to 
1,013K (ten quadrillion degrees Celsius), 
quarks became stable enough to bond 
together through the strong force. When 
three quarks clump together in the right 
formation, they form hadrons, a type of 
particle that includes protons and 
neutrons. Miraculously, every single 
proton and neutron in the known 
universe was created during this 


millisecond of time. 


10* to 1 second 


clumps of quarks into protons 
and neutrons, building the first 
atomic nuclei. Halfa million years 
later, conditions were finally cool 
enough for nuclei to pullin free 
electrons, forming the first stable 
atoms. Small fluctuations in the 
density of matter distribution led 
to clusters and clouds of matter 
that coalesced, over hundreds of 
millions of years, into the stars and 
galaxies we explore today. 


1second to 3 minutes 


Lepton era 

During this comparatively ‘long’ 
era, the rapidly expanding 
universe cools to 109K, allowing 


for the formation ofa new kind of 
particle called a lepton. Leptons, 
like quarks, are the near mass- 
less building blocks of matter. 
Electrons area ‘flavour’ of lepton, 
as are neutrinos. 


Dark forces 


So whatis the universe made of? Well, 
idee) cob ispenlovecnConeCcMDLeVAr(<oesconi ove vl 
meets the eye. Cosmologists have 
proven that the visible or ‘luminous’ 
portions of the cosmos - the stars, 
galaxies, quasars and planets -are only 
asmall fraction of the total mass and 
composition of the universe. Using 
super-accurate measurements of 
cosmic microwave background 
radiation fluctuations, scientists 
estimate that only 4.6 per cent of the 


universe is composed of atoms 
(baryonic matter), 23 per cent is dark 
matter (invisible and undetectable, but 
witha gravitational effect on baryonic 
matter), and 72 per cent is dark energy, 
a bizarre form of matter that works in 
opposition to gravity. Many 
cosmologists believe that dark energy 
is responsible for the accelerating 

ria erenatsjloyeKovad eCcnebov Ac) ecyera nu en loel 
should be contracting under its own 
gravitational pull. 


Nucleosynthesis era 
For17 glorious minutes, the universe 
reached the ideal temperature to 
support nuclear fusion, the process by 
which protons and neutrons bond 
together to form atomicnuclei. Only the 
lightest elements have time to form - 75 
per cent hydrogen, 25 per cent helium - 


before fusion winds down. 
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As the universe expands, it also cools. The inconceivable heat released during the big bang has been _ 
slowly dissipating as the universe continues its 14 billion-year expansion. Using sensitive satellite 


- . 
r | : a 
Cosmic microwave 
¥ ay | 1 Ari t erate the residual heat from the big bang, which exist: 
= 101.2 1000 ale lel rot (0) 5 Mea canie oan a 


= 
POF Le sges nyt ae cin el heat from the leyte b ee temperature is wey os (anippy 2.725K over oe zero), further proof that the radiation 
wa ae eon iutseeWellbtarona ers oyereatel ofthe universe emanated froma single, ancient source. , 












Minute differences in 
microwave background 

* radiation levels (+/-0,0002K) 
reveal fluctuations in the 

_ density of matter in the 
JeLSL UHL RUN O eso 


Opaque era 

These are the ‘dark ages’ of the 
universe, when light and matter 
were intertwined ina dense 
cosmic fog. Photons of light 
collided constantly with free 
protons (hydrogen ions), 

neutrons, electrons and helium 
nuclei, trapping the light ina thick 
plasma of particles. Itis 
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impossible for cosmologists to 
‘see’ beyond this era, since there 
is no visible light. 
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20 minutes to 377,000 years 500,000 to the present 
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: i eS, : ! particle 
ia ae _ | Wetake for granted the idea that if something is made of protons, 
\ on Dees UE Ld) se = _} neutronsand electrons, then it inherently has mass. But 





(single proton and A 5 ‘ a ; p 
oo Pees eee) cosmologists now believe that no particle has mass simply by merit 
ofits existence. Instead, mass is bestowed on particles as they pass 
y — ; >, through a Higgs field, a theoretical quantum field named after 
> : ) ~ = British physicist Peter Higgs. Imagine the Higgs field as a bowl of 
ws honey and quantum particles as a string of pearls. As you drag the 


: 
: \ 
A€ M2 , ) pearls through the honey, they are imbued with mass. Every 
7 ys i quantum field has a fundamental particle, and the particle 
a 5 rr associated with Higgs field is the Higgs boson. One of the goals of the 
r Large Hadron Collider at CERN is to prove the existence of the elusive 


Higgs boson once and for all. 
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Spottin 
extrasolar 
planets 


Finding planets around 
other stars is very 
difficult. Scientists use 

; sophisticated ways to 

P : / = a oh\ias calculate their presence. 

. : So far the most common of 
these methods is to 
measure the source star's 
radial velocity, and this is 
how Epsilon Eridani was 
found to be asystem. 
Radial velocity measures 
the Doppler-style shift of 
the star as the planet(s) 
around it pull it offits 
centre of gravity making it 
‘wobble’. Scientists then 

© measure the speed at 
which the star wobbles to 
infer details about the 
planetitself. 


fea 


Earth’s nearest plane 
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At only 10.5 light years away, 
Epsilon Eridani is the nearest 
star with an orbiting planet, 
find out more... 


Epsilon Eridaniisa surprisingly important star as 
far as your average fiery ball of plasma goes. For 
starters, it’s the third nearest star that can be 
# observed from Earth with the naked eye, lying just 
ten light years away in the Constellation Eridanus (otherwise 
knownas the River). In astronomical terms we're pretty much 
as good as roommates. 

It’s also of quite similar composition to ourvery own Sun, 
which wouldn't be all that exciting were it not for its close 
proximity and tender age making it of great interest to those 
scientists who are interested in the birth and development 
of our own Sun. At just 800 million years of age Epsilon is still 
avery young star and a whole 3.7 billion years our Sun’s junior. 
Given the absence ofa working time machine, it’s probably 
one of our best bets for studying its birth and development. 

It’s also the unsuspecting next-door neighbour to Star Trek’s 
very own Mr Spock. His famous home world Vulcan orbits 40 
EridaniA-which is just six light years farther away than 
Epsilon from home. 

The question as to whether there’s life - and ifit’s as we know 
it-isn’t quite as daft as it might seem though. You see, while all 
these facts make this young, energetic star of familiar breed 
and bearing of great interest to the scientific community, its 





; ; ; mae Does size really | Jupiter-class The bigger Historical 
biggest claim to fame makes the rest pale in comparison; it matter? planet picture centrepiece 
harbours planets, extrasolar planetary bodies - perhaps as While Epsilon Eridani Epsilon Eridani B, which There are clues to this Epsilon Eridani itself is 
many as three. Extrasolar planets are very hard to detect and is actually smaller than actually orbits the star system's size. A second younger than our Sun, 


almost impossible to see, but by measuring the source star's 
radial velocity, one of a growing number of extrasolar detection 
methods, scientists can indirectly detect the presence of these 
planets and - hopefully in time - a dusty ball of rock, not 
entirely unlike our own. 
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our own, the system 
itself is quite noticably 
wider - this blown up 
view only shows the 
inner part of the very 
much larger system. 


at around three anda 
half times the Earth's 
distance from the Sun, 
is thought to be a gas 
giant not entirely 
different from Jupiter. 


uniform asteroid belt 
between the inner one 
indicates the presence of 
a further planet and the 
icy comet belt further out 
suggests another. 


so any planets orbiting 

it will be in an early state 
of development. Its age 
also means it’s a virile 
sun - giving off plenty 
of radiation. 


Black dwarf 
It takes 10 trillion years for a 
white dwarf to cool off entirely. 
Our galaxy isn’t even old 
enough for a black dwarf to 
physically exist yet, but it lies in 
our Sun’s future. 


Closing the curtains 


The universe hides the birth of 
stars from us behind a curtain 
of dust. Only here are 
conditions cool enough for the 
dust and gas to condense and 
fire-up into new stars. 


We’re made of stardust 


Every single element that is 
in the periodic table was 
created via fusion processes 
deep inside the cores of 
stars, or indeed recycled 

by supernovae. 


Nova is new 


While the death of a star via 
supernovae is violent, it’s all 
part of the circle of life. New 
star-forming regions form as 
a result and sow new seeds 
across our galaxy. 


Very heavy metal 
Between nine and 12 miles 
across, neutron stars are 
so incredibly dense that 
just a teaspoonful of its 
material weighs as much 
as a billion tons. 








The last supernovae to be seen in the Milky Way was Kepler's Supernova which was first observed in 1604 
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_ The collapse ofa massive 


starcanleadtoablackhole ~ 








fae What happens 
mm When a star dies? 


, a Exploding in the universe’s biggest 
7 . fireworks display and shrinking so 
infinitesimally small that physics 
breaks, stars really know how to go 
out witha bang... 


)) The candle that burns twice as bright burns half 
as long. The saying might be considerably older, 
but you can thank a quote from the sci-fi classic 
Blade Runner for inadvertent encapsulating the 
life and death ofa star. It was either that or a line 
from Candle In The Windby Elton John, so just be grateful. 

Stick it on a chart with every other kind of star and our Sun 
would sit right in the middle and sadly, this doesn’t make for 
the most exciting swan song in 5 billion years time. Once all the 
hydrogen fuel is depleted our Sun will start to burn helium and 
its change in diet will gradually blowit up in size until its edges 
reach as far out as our current orbit (yes, a heat death awaits the 
Earthin halfa dozen billion years). This cooling red giant will 
eventually collapse, expelling its outer shellina relatively 
docile act leaving a planetary nebula in its wake with our Sun’s 
tiny glowing remnant in the centre. 

In the grand scheme of things the death ofa small star like 
our Sun is pedestrian - what happens when a massive star dies 
is much more impressive and can even conclude with the 
creation of the most awe-inspiring and destructive force inall 
of nature; a black hole. 

Once the supply of fuel for nuclear fusion runs out, massive 
stars growin much the same way as smaller stars like our Sun, 
but much bigger and are classified as ‘super massive’. Instead 
of blowing off its outer shell witha gentle ‘puff’ like a red giant, 
a cataclysmic explosion occurs, shedding material into an 
almost perfect bubble formation expanding at a tenth the 
speed of light and expending roughly the same amount of 
energy ina single manoeuvre as our Sun does inits entire 10 
billion year life span. 


How to see the 
stars for yourself 


You won't see a supernova but this 
astronomy centre offers some great trips 


With nearly 40 years’ experience, the stargazers at Scotland’s Galloway retreat are 
devoted to sharing the beauty and fascination of the sky at night with visitors from 
all over. Whether you're an eager beginner ora seasoned astronomer, you'll 
appreciate Galloway’s dark skies and practically nonexistent light pollution. 

The centre’s knowledgeable staff are on hand to give talks and guide you 
through the vast night sky, anda variety of educational courses are also available. 
So why not booka short break at the Galloway Astronomy Centre during the next 
meteor shower? To find out more, head over to www.gallowayastro.com. 


sd 





rd 


Astronomy novices and 
experts alike will benefit 
froma visit here 
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“One teaspoon i epecs-ayia)e| a! 
weigh up to a billion tons” 










_ Aneutronstarsits atthe 
centre of the Crab Nebula 





These remnants of 
Supernovae are some 
of the most massive 
objects in the universe 


™ Astarwitha mass oflessthan1.5 
"solar masses (the mass of the Sun) 
forms a white dwarf at the end of 
its lifetime, owing to its gravity 
being too weak to collapse it further. If the 
mass ofa star is greater than five solar masses, 
the forces will be so intense that the star 
collapses past the point ofa neutron star 
and becomes a black hole. However, between 
these two extremes a neutron star will form 
as the result ofa supernova, although only 
approximately one ina thousand stars will 
become one. 

As astar runs out of fuel it will eventually 
collapse in upon itself. In the formation ofa 
neutron star, the protons and electrons within 
every atom are forced together, forming 
Soule qovercMmVEcIccyetcV Ad etcL@tCUNNbeT-MConaateKacelaccke) | 
the star is then crushed by the intense 
gravitational forces in the star and forms this 
same neutron material. 

Like the Earth, magnetic fields surround 
neutron stars and are tipped at the axis of 
rotation, namely the north and south poles. 
However, the magnetic field of a neutron star 
is more than atrillion times stronger than that 


Supernovae can leave 
neutron stars as remnants 


rs 








of Earth’s. 

The gravitational forces in a neutron star are i 2 . a. 2 
also incredibly strong. The matter is so densely - Bs ~ 
packed together into a radius of 12 miles (20km) . ~~ 
that one teaspoon ofmasswouldweighuptoa | = 


billion tons, about the same as a mountain. They 
also spin up to 600 times per second, gradually 
slowing downas they age. 

Oddly enough, as a neutron star gets heavier it 
also gets smaller. This is because a greater mass 
means a greater force of gravitational attraction, 
and therefore the neutrons are squeezed more 
densely together. In fact, ifyou were able to drop 
an object from a height of one metre on the 
surface of a neutron star, it would hit the ground 
at about 1,200 miles (2,000km) per second.& 
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Magnetar 
Aneutron star with an extraordinarily large magnetic field is knownasa 
magnetar. Small ‘glitches’ in the magnetic field of a magnetar can cause 


giant stellar quakes, one of the largest known explosions in the universe. 





Huge amounts of energy 
would result froma r 
neutron star collision 


























Down 
Magnetic Surface Outer quark 
field lines Pentre core -9km 
The strongest 1,000,000,000°C, iron  ' Herealmostall the Up quark 
magnetic fieldsin and lighter elements are neutrons begin to 
the known universe present on the surface float out of the nuclei 
surround aneutron but neutron formation ofatoms due tothe 
star, partly has notyet begun, very high density. 
responsible for 
breaking up the 
PIS pcp Cea a 







Quarks are particles that combine 
to form all matter such as neutrons. 


Confined quarks 
Hetguncoatieasetcie-laeecan ered 
aneutron star, quarks can 
exist freely outside of particles. 
~ 

Inner crust - 1km 
Anincrease in pressure produces 
aneutron superfluid, where some 
neutrons leave atoms and move 
freely without friction or 
other interactions. 

) 
Outer 
crust - 200m 
The gravity here is 
approximately 10" 
times that of Earth. 
Coupled with the 
intense magnetic field, 
the structure of atoms 
begins to break apart. 


_ 
Inner core - 1km 
The physics at the centre ofa 
neutron star remain largely 
unknown, although several 
idole (toetime) caret cea tates 
hypothetical particles such 
as quarks and gluons. 


Insidé a 
neutromstar 


The interior ofa neutron star contains some very 
complex physics that scientists are only now beginning 

to understand. The conditions are unlike anything 
found elsewhere in the universe, making neutron stars 
aunique and fascinating object to examine. 
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Radiation 

Pulsars emit beams of 
radiation that sweep through 
Cairo cela 


Rotating pulsars 
Mostneutron stars begin life 
as arapidly rotating pulsar 
with strong magnetic fields. 


Pulses 

Pulses of high energyare 
caused by the rotation and 
magnetic axis being out ofline. 


Pulsars 


Arapidly rotating neutron star that emits 
jets of particles and a large amount of 
electromagnetic energy (such as x-rays 
and light) is known asa pulsar. All 
neutron stars begin life as a pulsar, but 
as they age and lose rotational energy 
they are no longer considered a pulsar. 
The jets of electromagnetic radiation are 
fired out from the north and south poles 
of the pulsar. The gravitational force ofa 
pulsar isso strong that apart from at the 
poles, matter and even light are not able 
to escape from its surface. 

Pulsars can rotate up to1,000 times 
per second, although some spin much 
faster. Their rate of rotation is so regular 
that they are the most accurate record of 
time in the universe; no clock on Earth 
can replicate their accuracy. We observe 
pulsars as their emitted radiation 
sweeps through our line of sight. Their 
high rotation speeds are due toa 
misalignment of their rotation and 
magnetic axis, sending them into an 
uncontrollable but regular spin. 
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® Since Galileo pointed a telescope at the 
ey heavens 400 years ago, the discovery of 
* exoplanets beyond our own solar system isa 
goal astronomers have long cherished. Allied to this is 
the greater hope of finding Earth-like planets capable 
of supporting life. Ifit is proved we are alone in this 
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Discover hownew Petey ita = 
technology arerevealing © =. 
hundreds of extrasolar planets = 


universe, or share it with other life forms, the answer 
will have huge implications for humanity. 
Earth-based techniques introduced in the Nineties, 
using interferometry and coronagraphy, finally 
proved that other starsystems do have giant 
extrasolar planetary bodies orbiting them. The race to 


Hunting ground 
Most of the new planets 
found have been 


within about 300 light 
years from our Sun. 


4 
Cpe 


discover life-supporting Earth-sized planets, thatare 


light years away, needs far greater precision and 
accuracy. To meet this challenge observatories 
throughout the world are constantly upgrading their 
technology, but the biggest hopes are pinned on 
telescopes launched into outer space. # 





1. 51 Pegasi b 
This extrasolar planet was 
detected in 1995 and 
named Bellerophon. It is a 
hot Jupiter-type planet, 50.1 
light years away from us, in 
the Pegasus constellation. 


2. WASP-17 b 
Discovered by the 

UK's super WASP (Wide 
Area Search for Planets), 
in August 2009. It isa 
gas giant twice the size 
of Jupiter. 


3. HD 188753 Ab 


This hot Jupiter was the first 
to be discovered ina system 
with three suns. It is 149 light 
years away and was 
discovered by the Keck 

mae observatory back in 2005. 





How are we looking? 


Extrasolar planets are small, distant and hidden in the glare of 
their parent stars, unable to be seen directly by telescope. 
Astronomers use four main methods to infer their existence... 


Doppler shift 


This is based on analysing the spectrum of the 
light froma star. The spectrum ofa star is as 
individual to itasa fingerprint. When light is 
refracted through a prism, it creates a spectrum 
of violet, indigo, blue, green, yellow, orange and 
red light. A rainbow naturally produces this 
effect. The invisible electromagnetic radiation at 
either end of the spectrum, like x-rays and 
infrared, can also be analysed by astronomers. 
Asastar moves towards us its light waves shift 
towards the higher-frequency blue end of the 
spectrum, and when it moves away they go to 
the lower frequency red end of the spectrum. 
This phenomenon is knownas Doppler shift. 
Ifastar has a nearby large planet, the two will 
orbit around a common centre of mass. The star 



























Where are 
we looking? 


The search for exoplanets is presently restricted to our 
own Milky Way spiral galaxy, which hasa diameter of 
about 100,000 light years. This is mainly due to the 
various limitations on the technology and techniques 
used to seek them out. 

Using astrometricand Doppler shift methods, the 
area of search isa range of from 100 to 300 light years. 
This can be extended by the transit method to 6,000 
light years and using chronometry, as proposed for the 
TPF-Cspacecraft, to 12,000 light years. Gravitational 
lensing can find extrasolar planets 25,000 light years 
away. As these techniques are refined, the search range 
is constantly being extended. 

One theory is that the galaxy itself has a Goldilocks 
Zone, so that star systems in the spiral arms or too close 
to the centre of the galaxy would be too inhospitable for 
life-supporting planets. If this is true then Earth-like 
life-supporting exoplanets will be rarer to find. 


ly and Sun © NASA 


The high frequency blue lines indicate 
approach of the star and the lower frequency 
eae W NbN lots ple OlecesM cL betclslOyeTRN TaN 
indicate presence ofan exoplanet 


will move faster around this centre of mass the 
bigger and closer the planet. This radial velocity 
can be measured, as the spectrum of the star 
will show correspondingly bigger colour shifts. 





Transit method 


Asa planet passes (transits) in front ofits parent star, it will cause 
the apparent brightness of the star to be reduced. During the 
transit, the spectrum of the light from the planet’s atmosphere 
can be detected and analysed. Furthermore, when the Sun 
transits the planet the photometric intensity of the star can be 
compared with the data gathered during the planet's transit, 
enabling astronomers to calculate the temperature of the planet. 


1 2 3 Star 
@--¢€--@ 
Planet 
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Planet path 


Light curve 


Brightness 
Gs 


Time 


Gravitational microlensing 


This technique uses the lensing effect produced when one star 
isin alignment with another star. The gravitational field of the 
star nearest the observer magnifies the light from the star 
behind it, and ifthe foreground star hasa planet, it will cause 
detectable variations in this lensing effect. Huge numbers of 
stars have to be monitored to discover these alignments that 
last only a few days or weeks. 


Planet 


Observer Lens star 


PNT reise 


measurement 


The precise position of the star 
is recorded and plotted by 
telescope to detect the slight 
wobble ofa star caused by 
radial velocity, implying the 
effects ofa nearby planet. 
Astrometry is the earliest 
method of searching for 
exoplanets that dates back to 
the use ofhand-plotted stars in 
the 18th Century. 





Source star 
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Zone conditions 


The Goldilocks Zone explains 
why the Earth’s position is 
perfect for us to survive 


The term ‘Goldilocks Zone’ comes from the ‘Goldilocks and 


the Three Bears’ story. Goldilocks tested bowls of porridge 
to find out which one was not too hot or too cold. Earthis 


inside the Goldilocks Zone that is just right for habitation. If 
Earth was closer to the Sun, like Mercury and Venus, 
conditions are too hot for us. If we were further away, like 
Mars and beyond, conditions are too cold and arid. 

Our Sunisa G-dwarftype star, for larger stars like 
A-dwarfs the habitable zone is further away, and for cooler 
stars like M-dwarfs the habitable zone is closer. Life is also 
dependent on the rotation, axial tilt and orbit of Earth that 
gives us our regular procession of days, seasons and years. 
If these factors were too extreme or irregular, the 
variations in temperature and effects on our climate and 
ecosystem would not be suitable for us. 


What has 








been found 
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Rema mee acs ens e 


Up to September 2011, over 600 extrasolar 
planets were discovered. So far not one 
Earth-sized planet has been found; the 
majority are hot Jupiters or gas giants.Hot 
Jupiters have a mass between 110 to 430 
times that of Earth. They are created 
lof=yV(eyetomuetab@or-vecsolmcir-bmoliolecpoarselet.| 
close orbit around it. 
Other types of exoplanets are super 
Earths, which havea mass 
between that of 


Earth and Jupiter. So far hundreds of super 
Earth candidates have been detected. A 
good example is COROT-7 b, which was 
discovered in 2009 by the European 
COROT (Convection Rotation and 
planetary Transits) spacegraft. It resides 
500 light years away in the Unicorn 
constellation, and orbits a Sun-like G-class 
star. Unfortunately, it orbits very close to 
its parent star and its surface could be as 
hotas2,600'C. In addition, it orbits its star 
at the rate of 466,030mph; making Earth’s 
67,00omph look sluggish. 

COROT found its ninth exoplanet in 
March 2010. Named COROT-9b it isa more 
temperate planet with asurface 
temperature of between -20 and 
160 Celsius and has a steady 95-day orbit 
around its parent star. Itis positioned in 

the Serpens constellation at a distance of 
amere 1,500 light years. 

Also in March 2010, HAT-P-14b was 
discovered 670 light years away in the 
Hercules constellation, and 235 light years 
away in the Andromeda constellation 
“HAT-P-16b was reported too. They are hot 
Jupiter exoplanets but there is a possibility 
ofasmaller exoplanet near HAT-P-14b. 

NASA‘s Kepler space telescope analysed 
150,000 stars to detect any exoplanets 
using the transit method whenit started 
operating in May 2009. This early data 
revealed five exoplanets, named Kepler 
4b, 5b, 6b, 7b'and 8b that were confirmed 
by ground-based observatories. All of 
them are in the Cygnus constellation and 
are hot Jupiter-type exoplanets. It has 
since obtained data from thousands more 
stars that revealed hundreds of potential 

candidate planets, many of which 
were confirmed as exoplanets 
throughout 2011. 


© European Southern Observatory, 2009 








1. W. M. Keck 2. Large 3. European 
Observatory Binocular L , Extremely Large 
The Keck's twin 10m Telescope (LBT) Pe 7] Telescope (E-ELT) 
primary mirrors weigh 300 Located on Mount Graham, c This will have a 42 metre mirror 


tons each. It is located on 
the top of an extinct 
volcano on Hawai'i Island. 
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Future planet- 
finding missions 


Space agencies have proposed the following spacecraft 
missions to study extrasolar planets 


TPF Coronagraph 


Solar coronagraphs were originally used with telescopes to 
block out the disc of the Sun to study its corona -this is hot 
plasma emitted by stellar bodies that travels millions of miles 
beyond its surface. Applied to the search for extrasolar 
planets the problem of blocking out the direct light ofastar 
poses a much bigger problem. Byisolating and studying the 
stellar corona, any planet within this area should be detected 
by the TPF-C spacecraft's telescope combined with 
coronagraph detection equipment. 


Sunshade 
The conical v-grooved sunshade fans out to insulate the 
telescope from the changing position of the Sun. 


Primary mirror 
Located at the base of the sunshade, the mirrorissetatan 
angle to deflect its light to the top of the secondary mirror. 


Secondary mirror tower 

The smaller secondary mirror is mounted on top of this 
tower. The light from this and the primary mirror is reflected 
down the tower to the coronagraph assembly. 





TPF Interferometer 


This TPF-I mission would employ a formation of five 
spacecraft. Four would each be equipped with a four-metre 
infrared telescope, and one spacecraft would receive the data 
from them and combineit. The interaction of the light waves 
from the telescopes produces interference that can be used to 
eliminate the glare ofa star bya factor of1 million. This so- 
called nulling technique allows the detection of any infrared 
emissions from planets near its parent star. The term 
interferometer is explained by the fact that it can also be used 
to measure the distance and angles of celestial objects. 


Stray light baffles 
Beams of light from the collector spacecraft telescopes travel 
along these 35-metre-long baffles to the combiner spacecraft. 


Collector spacecraft 
Each hasa four-metre diameter telescope mirror shielded 
and cooled bya five-layer sunshade. 


evo a lyn =1s 
spacecraft 
Itreceives the light from 
the collector craft and 
analyses itina ‘nulling 
beam combiner’, 


SIM Lite 


The SIM Lite spacecraft will take five and a halfyears to reach 
an orbit around the Sun ata distance of 82 million km from 
the Earth. Here it will search the Goldilocks Zones of 60 stars 
for Earth-sized planets at a distance of up to 33 lightyears 
away. To achieve this it employs sensitive interferometer 
equipment that can detect a star’s wobble to an accuracy of 20 
millionths of an arcsecond. These are incredibly small 
measurements; an arcsecond is1/6oth of an arcminute, 


Arizona, USA, it has twin 
E) 8.4-metre (27.6-foot) 
primary mirrors. 


and is planned to search for 
Earth-like exoplanets in the 
Goldilocks Zone in 2022. 
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Chief scientist, NASA 
Navigator Program 





We caught up with Wesly Traub, the chief 
scientist for NASA’s Exoplanet Exploration 
Program, and the project scientist for the 
Terrestrial Planet Finder Coronagraph (TPF-C) 





How It Works: What type of 
outer space missions are needed 
to find exoplanets? 
Wesley Traub: An astrometric 
mission is needed to discover planets 
around our nearest neighbour stars. 
This mission could determine the 
orbital parameters of each planet and 
accurately measure its mass. 

This is important because we need 
a list of planets that are close enough 
to Earth that we can measure their 
properties; nearest-neighbour planets 
are bright enough for us to measure, 
but more distant ones are not. 


HIW: Will you be able to find 
evidence of Earth-type and even 
life on these planets? 
WT: A visible spectroscopy mission is 
needed to look for biomarkers in the 
visible wavelength range. For an 
Earth-like planet these biomarkers 
include oxygen, ozone, water, an 
atmosphere at least as thick as the 
Earth’s (via the blue colour of a blue 
sky, like ours), and possibly the 
enhanced reflection of red light from 
vegetation (grass, trees and plants, all 
of which look green to us but also 
reflect red light that we cannot see). 
For a planet like the early Earth, 
you could see methane and carbon 
dioxide, in addition to the blue-sky 
effect. An infrared spectroscopy 
mission is needed to look for different 
biomarkers like carbon dioxide, ozone, 
and water. This mission could also 
measure the temperature of the 
planet, and its size. We need to look 


for these biomarkers in both 
wavelength ranges because together 
they give us a more complete picture 
than either one alone. For example, 
we can measure oxygen only in the 
visible spectrum, and temperature 
only in the infrared. 


HIW: What is the most important 
objective for these missions? 
WT: | think the most important thing 
would be to answer the question of 
whether there’s life on other planets. | 
guess at heart | believe there are 
planets with life on them. | don't know 
about intelligent life. The usual 
argument is that there are billions of 
stars out there, and today we think 
the chances of planets being around 
each one of them are pretty high, 
which we didn’t used to think. And we 
think that life formed very quickly, as 
soon as it was possible on Earth. But 
out of the billions of stars in our 
galaxy, we only have a chance of 
looking at about 200 stars that are 
nearby. The chances of intelligent life 
being there on one of those, right 
now, are pretty small. 


HIW: Will TPF-I, TPF-C or SIM Lite 
go ahead? 

WT: None of these missions have 
started development yet. Once the 
current suite of missions in 
development is completed, then an 
exoplanet mission may begin 
development. The earliest a mission 
of this type can be flown is towards 
the end of this decade. 


) 


Communications antenna 
Oncea week the craft will transmit the 
data it has collected back to Earth. 








which in turn is1/6oth ofa degree. Astar-tracking telescope is 
also carried by the craft to carry out astrometric calculations 
to compare and use with the inferometric data. 


Collecting apertures 

The twin mirrors ofa six-metre baseline ‘science’ telescope 
have 50cm apertures at either end of the craft, anda ‘guide’ 
telescope witha 4.2 metre baseline has twin 30cm apertures. 


Inside spacecraft 

The images from the science and guide telescopes inside the 
spacecraft are sent to central beam combinersand analysed 
byinferometric equipment. 


Where on an Earth? 


Exoplanet study has only been conducted over the past 15 years, 
and has already revealed completely different planetary bodies * 
from those in our own:solar system. Due to the limitations of our 
current technology, we have so far only found giant exoplanets. 


In future, we might discover rogue planets that do not orbit a 
parent star and exoplanets that are dominated by oceans, fields 
ofice, or boiling hot volcanic crusts like COROT-7b. None of these 
are likely to sustain life, as we knowit, so the Holy Grail of this 
work is to find life-supporting Earth-type planets. 
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galaxies expla 


They might be grouped likea 
galactic tuning fork, butgalaxy 
types don’t always sing from 


the same hymn sheet ae 
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EVE Days 
classification 
~ systems, but the oa e 
most widely used is the ; 
Hubble Sequence, devised by 
the great Edwin Hubble in 
1926 and later expanded 
upon by Allan Sandage 
among others. It’s more . 
commonly knownas the Ba 
Hubble tuning fork due to the as 





Bisitereccatats system represents 
-indiagrammatic form. oy oa 
Hubble’ssystemwas ~ ie : oe 


designed to demonstrate the 
various classifications of 
three main classes of galaxy 
broken down into elliptical, 
spiralandlenticularshapes. ~~ 
BUND ease VET 
intermediate ofthe othertwo 7 ~ 
types. The tuning fork was 
erroneously thought that 
each galaxy type represented 
snapshots of the entire life 
span of galaxies, but it has 
since been demonstrated 
that this is not the case. 

The most recent version of 
Hubble's tuning fork comes 
courtesy of the Spitzer Space 
Telescope’s infrared galaxy 
survey made up of 75 colour 
images of different galaxies 
and includes a new sub- 
section of irregular galaxy 
types. You can finda full 
resolution image of this 
remarkable accomplishment 
at http://sings.stsci.edu/ 
Publications/sings_poster. 
html. Thanks to the internet, 
anyone can try their handat 
galaxy classification and 
further the science - simply 
go to www.galaxyzoo.org 
and join in alongside 150,000 
other volunteers. # 


Edwin Hubble’s 
classification scheme 


Ellipticals 


Edwin 
[| ubble Pioneer to the stars 


SBb 


No person in history has hada greater impact in 
determining the extent of our universe than 
Edwin Hubble. From proving that other galaxies 
existed to giving evidence that galaxies move 
apart from one another, Hubble’s work defined 
our place in the cosmos. Shown above posing 


with the 48-inch telescope on Palomar 
Mountain, the Orbiting Space Telescope was 
named in memory of his great work. 

Today a great controversy rages on about the 
rate of the universe's expansion, parameterised 
bya quantity known as Hubble’s constant. 
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Galaxies can be 
categorised into 
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CUE eit auci ss 
Sequence lies the elliptical 
erly ama (em MN AC) WaL Ce) 


~ defined features like the 


intricate dust lanes seen in 
classic spiral galaxy types, 
besides a bright core. 
Ellipticals are represented by 
the letter E, followed by a 
alelenleysim@agrel Mags) e)esn ee cy 
ellipticity of its shape. 


Spiral types 

Appearing flatter on the sky 
than an elliptical galaxy, spiral 
galaxies feature two or more 
spiral ‘arms’ that wrap around 
the galaxy core and are made 
up of vast lanes of stars. The 
upper half is populated with 
the standard spiral type, while 
the lower half contains ‘bar’ 
yell r= | cM Mew AY Me) tae M18) =| 
begins at the end of an 
extended bar. 








‘Ses | 
Lenticular galaxies 
A Uneteem asm rele (Kel m r) 
tuning fork and the two spiral 
uM aR eel 
galaxies. These galaxies 
feature aspects of both spiral 
and elliptical galaxies and 
didn’t actually feature on 
Hubble's original sequence. 
ma \Mare\Vek-B eel mesial tre] 
bulge like an elliptical galaxy, 
but are surrounded by a 
structure not unlike a disc. 


All images © NASA 








What Is a 
brown dwarf? 


These so-called ‘sub-stellar’ objects are 
barely bigger than planets;so what 
makes these failed stars stellar at all? 


SMUT Kooy eltbelcbavneemwerclasy 

racked the field of 

astronomy for the last 30 

years -isa brown dwarfstar 
really astar at all? Since they don’t have 
the mass to initiate nuclear fusion likea 
normal star during its formation, 
they're often referred to as ‘failed stars’. 
With masses that range from just a few 
times larger than our solar system's gas 
giant Jupiter, to around 75 times its size, 
brown dwarfs are often considered to 
be the missing link between gas giant 
planets and red dwarfstars-the 
smallest known ‘true stars’. 

Measuring or even discovering the 
presence of a brown dwarfstaris 
notoriously difficult because they're so 
cool and small, so scientists use the 


& 


seecievelacReyM Ua av ieveuR-Wse-Ko(lecyauev bev ber Not quite a star... 


factor. The presence of lithium is Brown dwarfs are also considered 


actually common inallyoung stars, but 


stars since they're born in exactly 
the same way - from the collapsing 


is usually burnt up in the first100 Beret rsenckteacen te 
million years ofits life. Since the core of finden d ce Ke elame(o-can 
a brown dwarfisn’t hot enough to get go to plan and the star doesn’t gain 
rid of the lithium it’s a very useful Besse ee ee ete ey 


indicator in labelling low-mass stellar 


engine in its core to ignite. In this 
respect, brown dwarfs are 


objects ‘brown dwarfstars’. # Colar-terehV INVA | ele) aS Cleon 


Goldilocks Zone fully explained 


Life-sustaining planets require such exacting 
standards that scientists call the area they 
occupy ‘the Goldilocks Zone’ 


POLE Soy PANS) 
The Goldilocks Zone is an area ‘just right’ for a life-sustaining 


planet -the perfect distance froma star with a surface neither too 
hot nor too cold. It is an intersection of life-sustaining regions 
within botha solar system anda galaxy. Astronomers believe 
that the Goldilocks Zone ranges from 0.725 to three astronomical 
units (each about 150 million kilometres, or the mean distance 
between the Earth and the Sun). 

Recently some planetary bodies have come close to fitting the 
bill. The April 2007 discovery of Gliese 581c in the Libra 
constellation, for example, seemed promising until further 
research proved it was too hot. However, a nearby planet, Gliese 
581d, may turn out to be just right. At the same time, the definition 
of the Goldilocks Zone is expanding as scientists discover life on 
Earth in places previously thought too extreme to sustain it. # 


UR Vi) 


COOLER STARS 


Size difference 

Though an entirely hypothetical 
scenario, this artist’s conception 
Co (Ta ale) pto tre] KoeM AAMC od oo 4c) 
difference between our own solar 
system and that of a/particularly 
small brown dwarf system. 


aN Jupiter 
a 
a 
ws i Brown dwarf 


TWA 5B 


Solar systems must 
be in the right place 
in the galaxy to 
sustain the formation 
of terrestrial planets, 
but not receive high 
doses of radiation. 


If the Earth had formed 
just a few percentage 
points closer or further 
from the Sun, it would be 
either covered in ice or 
have no oceans. 


The Goldilocks Zone is also 
Pea Uae 1g 
Habitable or Circumstellar 
Habitable Zone. 


Allimages © NASA 
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GALAXY 


It’s one of about 100 billion other 

galaxies in the universe, but it’s 

our home - join us as we ‘explore 
ae, gine Milky Way 
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STATS 


7 TNT 1,000 light years 


The Milky Way is our galaxy, home 

to our solar system. It formeda 

little more than 13 billion years 

~ ago, justa few billion years after 

the Big Bang. The galaxy is estimated to be 
about 100,000 light years in diameter and 1,000 
light years thick. Itis part ofa system of 50 
galaxies known as the Local Group, which is 
part of the Virgo Supercluster. Containing as 
many as 50 billion planets and 400 billion 
stars, the Milky Way isa spiral galaxy. Ithasa 
centre known asa ‘bulge’, surrounded bya flat 
disk comprising several loose arms that 
contain stars and their orbiting bodies, as well 
as gases and dust. The centre contains a 
massive black hole and a complex radio source 
knownas ‘Sagittarius A’. Around the outside of 
the Milky Way there isa halo containing dark 
matter anda very small percentage of the 
galaxy’s total number of stars. Some 
astronomers believe that the Milky Way is 
actually a special type of spiral galaxy 
called a barred spiral, meaning that it hasa 
bar-shaped distribution of stars running 
across its centre. 

Aristotle first wrote of the Milky Way inthe 
mid-300s BCE. He broke with other Greek 
philosophers, who believed that the milky 
streak in the sky might be stars. Aristotle 
thought that it wasa sort of fiery emission 
coming from a cluster of very large stars, and 
that it resided in the Earth's atmosphere. 
Astronomers continued to speculate about the 
true nature of the Milky Way, until Galileo 
determined in 1610 that it comprised a massive 
number of stars. In 1755 Immanuel Kant 
realised that the Milky Way rotated and was 
held together by gravity. 30 years later, 
William Herschel attempted to depict the 
shape of the Milky Way and the Sun’s location 
init by counting and recording the position of 
visible stars. Finally Edwin Hubble 
determined in the Twenties that there were 
nebulae beyond the Milky Way, proving 


Bulge 

WVoTepolenicr-ladutcrecvelheekMeyal ev bets 

globular clusters and old, red 

stars (called population II 

objects). It is between 70,000 and 

100,000 light years in diameter. 

Astronomers believe that there is 4 
amassive black hole at the very 

centre, including a complex 

radio source called Sagittarius A. 


Disk 

Most of the Milky Way comprises a large, flattened disk 
that rotates. The disk is made up of spiral arms (at least 
fourand possibly six) which contain somewhere 
between 200 and 400 million relatively young stars. It 
also contains star clusters, nebulae and matter that 
will eventually give birth to more stars. 


5-7 million years 


eM) MLL 

Scientists believe that man probably branched off from the 
ancestor that we share with the apes about this time. From there, 
different sub-species evolved over hundreds of thousands of 
years. Homo sapiens evolved somewhere between 250,000 and 
eleMeloh ert este tem 


13.2 billion years 
Tava 


Our galaxy was one of billions of 
other galaxies forming in the 
universe. Today it is considered 
part of the Local Group, about 50 
galaxies that are gravitationally 
tite lcreMelan oem ee CMON Cava e\s 
and Andromeda Galaxies. 


peo) eames le) 
The Big Bang 


The prevailing theory about the origin ofour 
universe begins with the Big Bang-an 
explosion in our once-infinite universe 

that resulted in previously contained matter 
and energy expanding outward and 

filling space. 


Orion Arm 


Sagittarius Arm 
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mia #LO1O801010 light years star" 13.2billion years 
STARS >200,000 eiilovn 


3.5 billion years 
First life 


The first examples of life on 
Earth have been found in the 
form of fossilised microbes. 
These were dated to3.5 billion 
years, abouta billion years after 
the formation of Earth, 
although single-cell organisms 
probably existed earlier. 
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Solar system 

After the collapse ofa giant molecular 
cloud, our Sun formed in the Orion 
Vani elaa MV NIQtAli NA Mcp IU ime)eeKe) a 
100 billion other stars in the galaxy. 
Eventually other matter from the 
collapse formed into what we call 
planets, asteroids, and other objects 
in space. 


13.5 billion years 


Galaxy clusters 

Gravity from the Big Bang made hydrogen 
and helium clouds shrink into webs that 
were millions of light years across, with large 
open spaces between each one. Galaxies 
formed within these clusters of clouds. 


Halo 

The Milky Way hasa halo 
surroundingit that is about 
200,000 light years in diameter. 
The halo contains dark matter and 
nearly150 globular clusters 
(collections of stars rotating 
arounda core), many of whichare 
rotating in the opposite direction 
ofthe Milky Way. It also contains 
some ofthe oldest stars in 

the universe. 





“For all our observations, ie Pear” 
the Milky Way Is en ee 
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that there were other galaxies in the universe. || 7 i - F 
Hubble is also responsible for coming up with » ; 
the classification system for galaxies that we F 
use today, which includes spiral, elliptical and . ) 
irregular galaxies. Mi "i 

Herschel and astronomers before him : ky 

believed that our solar system was in its centre 

ofstars in our sky, for example. Several iG a D 
oenenemmnnmenmms Villy Way would mean travelling a distance 
calculate the actual size of the Milky Way. This rey thousands rei light years 

of certain stars. The luminosity, or brightness, 

ofsome stars pulse ina predictable pattern, 


For all our observations, the Milky Way is 
still mysterious. Determining its actual size 
and our location in it has been difficult; 
because of the apparently equal distribution Ay trip ages! Earth out beyond the edge of the 
includes using the period-luminosity relation 
which can be measured along with its 









Comet C/2001 Q4 (NEAT) 







is one of many K H I= | = ganna 
apparent magnitude to estimate distance. In originating from the Raed i ine 
the early-2oth Century, an astronomer named Oort cloud ne ihee f= Ae ee P 
Harlow Shapley used some of these the red dwarf eee Part of the eal 


measurements to extrapolate the distances of 
globular clusters outside the Milky Way. 

This showed that the Sun was not at the centre 
ofthe galaxy and provideda rough (although 
inaccurate) estimate of the Milky Way’s 
diameter. Today we can map the galaxy 

using telescopes that pick up light and radio 
waves emitted by gases and molecules floating 
inspace. 


Mobccececl@ AV OM RG alee es\ liste LMceS IT OLaAY 
closer to Earth than the more visible Alpha 
CentauriA and B. Sirius, the brightest starin 
the nightsky, is 8.6 lightyears. 
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Oort Cloud and Kuiper Belt a 
The next major objects are the Oort Cloud and g 
the Kuiper Belt. The Oort Cloud isa cloud of Ps 


5 2a i : comets believed to be the source of many of Ps 
The Milky Way isn'ta static object ~the the cometsin oursolarsystem. The Kuiper o 
arms rotate about the centre, and itis also BSte)Ug ReevetetCcreMy Gt so) Vash Cue) e110 ? 
moving in the direction ofa large gravitational dwarf planets and other small astral bodies. a ad 


anomaly knownas the Great Attractor. Our 
galaxy also has its own orbiting galaxies. The 
two largest of these galaxies, the Small 
Magellanic Cloud and the Large Magellanic 
Cloud, create a vibrational warp in the Milky 
Way’s disk as they orbit, due to the presence of 
dark matter. 

Because of light and other types of 
atmospheric pollution, it’s difficult to view the 
Milky Way from Earth with the naked eye; it’s 
best viewed in very rural areas under clear 
skies, and looks like a faint milky band of 
clouds stretching across the night sky. Light 
pollution maps are available online, and 
local astronomy clubs can help locate the best 
place to go. H 


:.. 643,737 kilometres 


Near-Earth asteroids 

Our first stop past the moon would be avisit to 
our near-Earth asteroids. There are at least 
7,000 of these small rocky, metallic objects. 
They can be up to32 kilometres in diameter. 
Compared to the lifetime of other objects in 
idoteyetel avd acereito de) ORPireAWeD Cony orcbe | 
justa few million years. 


CoM al ela mic evan el tees 
Other planets and Sun 


We'll have to travel tens of millions 

of kilometres before coming upon 
uli g ocr ie ; 
solarsystem. At nearly 40 million ; 
kilometres away at the closest point 
eB LLO do MAY ee el eas tos 
neighbour. Once we reach the 
furthest planet from Earth, 
Neptune, we're about 4.4 billion 
kilometres away. 








an 
Adigital composite of 
the Milky Way’s disk 


over Tenerife 
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2. Spiral 
galaxies 

Our Milky Way is an 
average-sized spiral, but 
others such as UGC 2885 
can be more than 800,000 
light years across, 


1. Irregular 
galaxies 

The smallest types of 
galaxies are irregular, 
including compact dwarf 
irregulars that are as small 
as 200 light years across. 
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3. Elliptical 
galaxies 

The biggest galaxies, 
ellipticals can be up to 100 
kiloparsecs across and may 
form when two smaller 
galaxies collide. 
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long and 300 million light years wide. 


300 light years Quasars contain the 
Neighbour stars mass of overa 
(oan iver ete Ngee rCe NEN NTO CC Uy 
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oi ( Distant quasars and galaxies 
fo rod ’ Quasars are the most distant visible objects in 
a me E the universe; the closest one is about billion 
aft ‘4 i* light years away and the furthest is nearly 13 
a Red H billion light years away. That means that on 
i Ka i 3 H Earthwesee this distant quasar, named 
H oe “3 i CFHQSJ2329-0301, less than1 billion years 
j os : ‘ ¥ i after the Big Bang. 
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E H The further we get, the greater the leaps in distance. 
i H Nowwe encounter groups of galaxies and other }- 
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ee H super-structure filling large spatial voids in the 
Ps : universe. It contains superclusters of galaxies and 
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ee 000 li ears Nowwe're beyond the Milky Way, visiting other galaxies. There's 
i us iM adwarf galaxy knownas Canis Major being consumed by the 
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The edge of the Milky Way is about 
1,000 light years away from Earth. 
yop lob rebbelcmdetcimoerae rey Couie 
already on the outer edges of the 
Milky Wayitself, about 28,000 light 
years fromits centre. 


TES eo meeM VOI avallVche cae Cberer te lale cp P\aVcba tell telt (acd 
galaxy, 70,000 lightyears from Earth. 
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differentially (the closer objects are to 
the centre, the less time they take to 
complete an orbit). The Sun travels 
around the galactic centre at 
800,000k/ph (500,o0oomph), taking 225 
million years to make one orbit. 

The galaxy rotates differentially, 
which means that objects closer to its 
core orbit the core faster than the stars 
in the arms of the galaxy. The Milky 
Way rotates at about 170km per 
second. Our solar system, located 
around 30,000 light years away from 
the galactic core, completes an orbit 
once every 225 million years. The 
Milky Way is also moving through 
space at about 630km per second, 
relative to the cosmic background 
radiation - the Big Bang’s remnants. It 
moves in the direction ofa 
gravitational anomaly in the universe, 
known as the Great Attractor. 


When galaxies 
collide 


Astronomers are predicting that in 
about 3 to 5 billion years, the 
Andromeda galaxy may collide with 
the Milky Way. The violent crash will 
result ina blob-like elliptical galaxy, 
dubbed ‘Milkomeda’. Currently 
Andromeda is about 2.5 million light 
years from the Milky Way, butit is 
moving towards our galaxy atizokm 
per second. The possibility of stars and 
planets within the galaxies actually 
colliding is highly unlikely, but the 
different gravitational fields will jostle 
them out of their current locations. Our 
solar system could even be ejected 
during the collision, but that probably 
wouldn't affect the planets much. By 
the time of the proposed collision, 
Earth will probably already be devoid 
of life due to the Sun’s increasing heat. 


Galaxy collisions can be less 
dramatic than they sound 
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“At the heart of almost every 
/ galaxy lies a black hole, even 
 e)E Tete Vea elem I Way" 





i ee Eee) evra era pee 
where the laws of space and time are i 
rewritten. We take a lookat the Sagittarius = 
A* black hole at the centre of our galaxy 


Ablack hole is a region of space containing, 
atits centre, matter compressed into a point 
of infinite density called a singularity (an 

# areawherespacetime curvature becomes 
infinite), which itself is surrounded bya sphere of 
space where the gravitational pull isso total that not 
even light can escape its pull- hence its name. The 
black hole is the result of the deformation and warping 
of spacetime (a mathematical model where space and 
time are combined into a single continuum) caused by 
the total collapse of individual stars or by the 
coalescence of binary neutron stars. 
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This collapse occurs at the culmination ofa star’s life 
span when, under the pressure of gravity, it is 
compressed perpetually - unable to resist due to the 
non-existence of nuclear fusion in its core - until it 
reaches critical mass. At this point, providing the star is 
over 1.4 to three solar masses (our Sun equals one solar 
mass) —a necessity for black hole formation instead ofa 
white dwarf-the star will go into core-collapse 
supernova, expelling much ofits remaining outer 
layers at one tenth the speed of light and leaving 
behind either a neutron star or, ifthe solar mass is high 
enough, a black hole. 











1. Stellar-mass 
black hole 
Stellar-mass black holes have 
masses up to 15-20 solar 
masses. These mainly form 
from stars going into core- 
collapse supernova. 


2. Intermediate- 
mass black hole 
These type of black holes 
contain thousands of solar 
masses. These variants 
mainly form from collisions 
of smaller black holes. 


3. Supermassive 
black hole 

The biggest black holes by 
far, supermassive variants 
can contain hundreds of 
thousands to billions of 

solar masses. 


The Milky Way 


The position of Sagittarius A* 
Tame] el melee ce 


Sagittarius A* lies at the heart of out galaxy the Milky 
Way. Unfortunately, from Earth Sagittarius A* is blocked 
from optical sight and presently scientists can only 
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observe it through the actions of its surrounding stars..- 


Sagittarius A* 


Introducing the Milky Way's very own 


supermassive black hole 


Atthe heart of almost every galaxy lies a 
black hole, even our own the Milky Way, 
which centres ona region of space called 
Sagittarius A* - at the middle of which liesa 
supermassive black hole. Black holes like 
these, however, do not form directly but 


from the coalescence of multiple smaller 
stellar-mass and intermediate mass black 
holes, which then form a supermassive 
black hole such as Sagittarius A*. 
Supermassive black holes also often form 
from the slow accretion of matter from 


Composite image of a black hole 


* “Centre 


aX: the heart ofthe black hole 
* .itshugeextragalacticjet 


‘Ergosphere 
The surrounding 
ergosphere and 
stellar clouds from 
which the black 
hole accretes mass. 


Event horizon : 
PU aren aero RtTD Te as 
CMR ama Naor ate 
spacetime fromwhich nothing 
can escape. 


bursts forth. 


Optical 


neighbouring stars, the mass collapse of 
large stellar gas clouds into a relativistic star 
(arotating neutron star), or directly from 
external pressure caused by the Big Bang. 

While unimaginable due to its very 
nature (it absorbs all light), its distance from 
Earth and the fact that the Sagittarius A* 
region is removed by 25 magnitudes of 
extinction from Earth (blocked from optical 
sight), our own supermassive black hole can 
only be observed by scientists through the 
actions of neighbouring cosmic 
phenomena. Indicating the presence ofits 
existence most notably is the movement of 
star S2, which has been monitored by 
scientists following a slow elliptical orbit 
witha period of 15.2 years anda closest 
distance of less than 17 light hours from its 
orbit centre. From the slow motion of S2, 
scientists have extrapolated that the object 
which it is orbiting around has a solar mass 
of 4.1 million, which when taken with its 
relatively small diameter, strongly affirms 
that itis a black hole as no other known 
object can have sucha large mass at sucha 
small volume. 

Sagittarius A* isa relatively small 
supermassive black hole when compared 
with others ofits ilk, such as the black hole 
at the centre of the OJ 287 galaxy, which has 
amass of 18 billion solar masses. 
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Inside our 
black hole 


What are its properties 


and structure? 


To understand our Sagittarius A* 
black hole it is important to 
understand how black holes in 
general work. After any black hole 
stabilises post formation, it has only 
three possible independent 
physical properties: charge, mass 
and angular momentum. Now, 
when an object is accreted 
(swallowed) bya black hole its own 
mass, charge and momentum is 
equalised with the black hole’s 
own, distributing the matter evenly 
along its event horizon (a one-way 
spacetime boundary), which then 
oscillates like a stretchy membrane. 
The course that this pattern follows, 
however, depends on the individual 
black hole’s properties and type. 
The simplest black holes have 
mass but neither charge nor 
angular momentum, accreting 
mass to a point-singularity centre, 
however most types of black hole 
formed from the core-collapse 
supernova ofa star are thought to 
retain the nearly neutral charge it 
once possessed. Other, and 
theorised by scientists to be far 
more common, types of black holes 
-due to the spinning nature of stars 
-are rotating variants. These form 
from the collapse of stars or stellar 
gas with a total non-zero angular 
momentum and can be both 
charged and uncharged. These 
black holes, unlike the totally 
round, static variants, bulge near 


» Away from ablackhole, particles, 
(Vopr csi prersnmelicualen 
only being restricted by thespeed # 


yates ala 
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their 
equator 
under the 
phenomenal velocity 
oftheir spin (the quicker the 
rotation the more deformed the 
black hole will be) and instead of 
accreting matter to a point- 
singularity do so toasmeared disc 
singularity. Eventually all black 
holes, however dependent on their 
charge or rotation, revert to a non- 
rotating, uncharged variant. 
Unfortunately, from the 
measurements taken from the stars 
surrounding our Sagittarius A* 
black hole, scientists have been left 
unsure about its physical 
properties. However, recent 
research from the University of 
California, Berkeley, suggests that 
A* rotates once every 11 minutes or 
at 30 per cent the speed of light. This 
information, when combined with 
the known close proximity of the 
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“The simplest black holes 
have mass but neither charge 
nor angular momentum” 


Formation of extragalactic jets 


from black hole accretion disk 


Extragalactic jet 

Relativistic jets, extremely powerfulstreams of 
plasma, carry energy away from the heart of the 
accretion disk. 







Black hole 

The singularity at the centre of the 
black hole. All mass that reaches this 
pointis crushed to infinite density. 


PiNerer cote me | 

The black hole’s accretion 
diskis formed from 
diffuse material orbiting 
around its centre. 


surrounding stars (aspinning black 
hole drags space with it, allowing 
atoms to orbit closer to one that is 
static), would seem to suggest that not 
only is the gravitational pull of 
Sagittarius A* mitigated to a degree by 
its rotation but also that these 
measurements are accurate. 


As massis accreted bya black 


hole itis 
ecossien a 


ted up under the 
PreNela 


As particles approach the event horizon 
of the black hole, spacétime starts to 
deform, restricting the freedom of the 
jodcldetspreaiyela ey er-bae(a le Le=beb (ole iva 





Do the worm Weakling Primordial Micro-management Spaghetti 
Certain theories postulate Despite their colossal size and In the current epoch of the Theoretically it is possible for Any object that passes 
that rotating black holes perpetual accretion of matter, universe only the collapse of micro-black holes to form an event horizon will be 
could be avoided by entities black holes can only suck in stars carry the requisite through the high-speed stretched into long thin 
and actually used as a matter from a very small density to form a black hole, collision of sub-atomic strands under the strong 
wormhole shortcut through surrounding region as gravity however shortly after the big particles, although this is gravitational field of the 
space and time. is incredibly weak. bang densities were greater. unlikely to ever happen. black hole. 
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Magnetic field lines 
MVelcpreteretetcnCep tc (o BNO 
emanating from the accretion disk 
collimates the relativistic jet 
outflow along the rotating axis of 
the black hole. 


2 Let 


The event horizon (a boundary in 
spacetime through which matter and light 
can only pass through inwardly) ofa black 
hole is one ofits central characteristics, 
and one that brings a host of issues for any 
object that passes through it. As predicted 
by general relativity (our geometric theory 
on gravitation) due to the colossal mass of 
the black hole- which by these rules is 
infinite at the heart of the black hole- 
spacetime is deformed, as mass hasa 
direct bearing onit. Indeed, when the 
event horizon is passed, the mass’s 
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Black hole mass (in solar masses) 


amillion 





‘EVENT HORIZON 
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Galactic star bulges —--—_> 
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& Globular cluster G1 
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saeytliCeyey 1trillion 


Stellar system mass (in solar masses) 


Once the event horizon is passed all paths , 


distortion becomes so great that particle 
paths are bent inwardly towards the 
singularity (centre) of the black hole, 
unable to alter their course. At this point 
both time and space begin to be warped. 
The consequences of this, while 
theoretical, are mind blowing. For 
example, theory states thatifa 
hypothetical astronaut were about to cross 
the event horizon ofa black hole, then 
apart from being stretched physically 
(spaghettification), they'd also bestretched 
in time. So, while the astronaut would pass 


Mass effect 
Theinfinite mass singularity 
with extragalactic jets 

spewing from bothits poles. 


, bring particles closer to the black hole’s 
singularity. Gravitational time dilation; 

_ gravitational redshift and spaghettification 
are nowin effectand consistent. ¢ 
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sel Frame dragging 
Due to the rotation of this black hole, 
gravity is pulled with it ina process 
called ‘frame dragging’. This 
culminates in its smeared singularity. 


EVENT HORIZON_ 


’s do the time warp 


‘/ 1) The theoretical consequences of time and space distortion 


the event horizon ata finite point in his 
own time, toa hypothetical distant 
observer, he’d appear to slow down, taking 
aninfinite time to reach it. Further, ifthe 
astronaut were wearing a watch, it would 
tick more slowly as he approached the 
event horizon thana watch worn by the 
observer, an effect known as gravitational 
time dilation. Finally, when the astronaut 
reached the singularity, he’d be crushed to 
infinite density and over an infinite time 
(to the observer) before having his mass 
added to that of the black hole. 












Spaghettification 
As our theoretical astronaut 
approaches the singularity he 

is stretched increasingly into 
long strings before being 
compressed to infinite density. 

















‘ 










AllImages @ NASA 


207 






Py ; s* ‘ o > 7 


alesse eee ela visible mane of oe ¥% 
eg) ga =e [epee |e 18/8 [2 
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‘TheHeartand sy 
Soul nebulae 


-most spectacu ar vistas in the universe 


* eu The space between stars, consisting mainly of hydrogenand helium gas, is the 








interstellar medium. Most of this space is extremely thin, but there are clouds of : Deir Pe ies pals ; a 
denser material containing heavier matter such as molecules of carbon dust and F a si Soe ae Ae ™ “ 
. “silicates (silicon and oxygen). These clouds form visible parts of the interstellar * Ma Sat , eS 
medium called nebulae and it’s here that star formation begins. , a 4 ney by sp j Me 
This striking image from NASA's Wide-field Infrared Survey Explorer reveals a pair of , ' . : Ae = sae a 
* emission nebulae called Heart and Soul. The ‘heart’ nebula on the right-hand side is so- . ae pee . a 
named for its likeness to an anatomical human heart while the ‘soul’ nebula, on the left, is a ek 
we more akin toa traditional two-lobed heart shape. They're located 6,000 light years from Earth F i fs y~ 
- » inthe Perseus Arm of the Milky Way. So far, WISE has captured three quarters ofitsinfrared _ a E ‘ nA 
survey of the entire sky, and continues to bring us incredible imagery to marvel at. # We a ’ + : . 
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1. Horsehead 


Darl ich as the 
famous Horsehead, are 
only lly visible when they 
are silhouetted against a 
bright backg 


2. Witch Head 
Nebula 
The blue light of the Witch Head 
is a result of its constituent 
ering the 
d from the 


3. Rosebud Nebula 
Intense light from nearby stars 
heats the interstellar medium, 
causing hydrogen to ionise, 
which frei 

then absor! 

the cloud. 














“The Sun, g type G yellow-white star 
with a radius of 700,000 kilometres 
and a temperature of 6,000 kelvin” 


star Is b 





There may be as many as 10 

billion trillion stars in the 100 

billion galaxies throughout the 
universe, but “only” about 100 
billion in our galaxy, the Milky Way. Most stars 
comprise plasma, helium and hydrogen. They 
form when giant molecular clouds (GMCs), also 
knownas star nurseries, experience a 
gravitational collapse. This increase in pressure 
and temperature forces fragments into a body 
known asa protostar. Over the course ofits life, a 
typical star goes through continuous nuclear fusion 

in its core. The energy released by this fusion makes 
the star glow. 

Stars are classified according to the Hertzsprung- 
Russell Diagram, which lists their colour, temperature, 
mass, radius, luminosity and spectra (which elements 
they absorb). There are three main types of star: those 
above, below and on the main sequence. Within these 
types, there are seven different classifications. We're most 
familiar with the main sequence star that we call the Sun, a 
type G yellow-white star with a radius of 700,000 kilometres 
anda temperature of 6,000 kelvin. However, some stars above 
the main sequence are more thana thousand times larger than 
the Sun, while those below the main sequence can have a radius 
ofjust a few kilometres. 
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The cool star 


Red dwarfs are small and relatively cool stars, which while being large in 
number tend to have a mass of less than one-half that of our Sun. The heat 
generated bya red dwarf occurs ata slow rate through the nuclear fusion of 
hydrogen into helium within its core, before being transported via convection 
toits surface. In addition, due to their low mass red dwarfs tend to have 
elongated life spans, exceeding that of stars like our Sun by billions ofyears. 


















A star explodes 
Ifastar has enough mass to becomea supergiant, it will 
supernova instead of becoming a white dwarf. As 
nuclear fusion ends in the core ofa supergiant, the loss 
of energy can trigger a sudden gravitational collapse. 
Dust and gas from the star’s outer layers hurtle 
through space at up to30,000 kilometres per second. 


Almost a star 


Aprotostar isa ball-shaped massin the early stages of 
becoming astar. It’s irregularly shaped and contains dust 
as wellas gas, formed during the collapse ofa giant 
molecular cloud. The protostar stage ina star's life cycle 
can last fora hundred thousand years as it continues to 
heat and become denser. 


Star or planet? 


Abrown dwarfissometimes not even 
considered a star atall, butinstead a sub- 
stellar body. They are incredibly smallin 
relation to other types of stars, and never 
attained a high enough temperature, mass 
or enough pressure atits core for nuclear 
fusion to actually occur. Itis below the main 
sequence on the Hertzsprung- Russell 
Diagram. Brown dwarfs havea radius about 
the size ofJupiter, and are sometimes 
difficult to distinguish from gaseous planets 
because of their size and make-up (helium 
and hydrogen). 





The rarest star 


Supergiants are among the rarest types of stars, and can beas large 
as our entire solar system. Supergiants can also be tens of thousands 
of times brighter than the Sun and have radii of up toa thousand 
times that of the Sun. Supergiants are above the main sequence on 
the Hertzsprung-Russell Diagram, occurring when the hydrogen of 
main sequence stars like the Sun has been depleted. 
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3. HEO107-5240 
HEO107-5240, a giant star 
in the Milky Way, may be 
nearly as old as our universe 
at about 13.2 billion years 
old. It could’ve once been 
part of a binary star system. 


2. VY Canis 
Majoris 

The largest known star, 
VY Canis Majoris, has a 
radius of between 1,800 
and 2,100 times that of 
the Sun. 


1. Proxima 
Centauri 

Other than our Sun, the 
closest star to Earth is 
Proxima Centauri. It is 
about four light-years 
from the Sun. 





Compared to other stars, the Sun 
is in the middle of the pack when 
it comes to size and temperature 
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Catch a dying star The stellar remnant 


White dwarfs are considered the final phase ina star’s life cycle unless it attained enough mass to Black dwarfs are the hypothetical next stage of star degeneration after the white 
supernova (and more than 95 percent of stars don’t). The cores of white dwarfs typically comprise dwarf stage, when they become sufficiently cool to no longer emit any heat or 
carbon and oxygen, left over after the gas is used up during nuclear fusion and occurring aftera light. Because the time required for a white dwarfto reach this state is 
main sequence star has gone throughits giant phase. A white dwarfis small, with a volume postulated to be longer than the current age of the universe, noneare expected 
comparable to that of Earth’s, but incredibly dense, witha mass about that of the Sun’s. With no to existyet. If one were to exist it would be, by its own definition, difficult to 
energy left, a white dwarfis dim and coolin comparison to larger types of stars. locate and image due to the lack of emitted radiation. 

- 
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Beyond the supernova 


Ahypernovais a supernova taken to an even larger degree. Supergiant 
stars with masses that are more than 100 times that of the Sun are 
thought to have these massive explosions. Ifasupergiant were close to 
Earth and exploded into a hypernova, the resulting radiation could lead 
toamass extinction. 







Alllmages © NASA 












The neutron dance 
Neutron stars area potential next stage in the life cycle ofastar. Ifthe 
mass thatremains after a supernovais up to three times that of the 
Sun, it becomes a neutron star. This means that the star only 
consists of neutrons, particles that don’t carry an electrical charge. 


The absence of light 
Stellar black holes are thought to be the end ofthe life cycle for 
supergiant stars with masses more than three times that of our 
Sun. After supernova, some of these stars leave remnants so 
heavy that they continue to remain gravitationally unstable, 
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“Becoming denser and denser to 
the point where Its very electrons 
become smashed together” 
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Acomposite shot ofa Type la supernova, 
formed whena white dwarfaccretes Mass 
from neighbouring stars and explodes 
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White dwarfs 


With a mass comparable to the Sun, white 
dwarfs are an intriguing space phenomenon 





White dwarfs are small stars in the last 
throes of their life span, degenerate plasma 
¥ centres of matter that are no longer creating 
energy through nuclear fusion. To understand howa 
star enters its white dwarf state, itis best to chartits 
progress from birth. 

Stars are formed when clouds of space dust build 
in knots under internal turbulence to the point in 
which they collapse under their own gravitational 
attraction. As the cloud collapses a dense, hot core is 
formed which continues to collect dust and gas 
before turning into the heart ofa protostar. Over 
millions of years this star continues to gather 
material and mass before entering its main 
sequencing stage where it fuels its expansion by the 
nuclear fusion of hydrogen into helium within its 
core. This is the main stage of any star (the stage our 
Sun is presently in) and is when the star is most 


WASP-12b is a super-hot, 
super-fast planet 
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stable, fusing hydrogen into helium while 
transferring heat outwards via radiation. 

After billions of years hydrogen reserves within 
the core run out, slowing fusion and causinga 
massive reduction in energy. This lack of energy 
stops the star from pushing its multiple layers 
outwards and, under the force of gravity, slowly 
starts to collapse upon itself. Under this increased 
pressure the central temperature of the star rises toa 
critical point where helium, stored internally from 
the hydrogen fusion, starts to fuse together in the 
core, creating carbon and oxygen. Due to this 
increased core temperature the force of expelled 
radiation becomes so great that it forces the star's 
photosphere outward bya colossal distance, turning 
itinto a red giant, and then due to the now weak 
gravitational pull on the outer layers, causes colossal 
mass loss to stellar winds. 


hottest planets we've found 
Ofall the strange anomalies we have 
discovered in the known universe, 
one of the strangestis the planet 
WASP-12b. Orbiting just .o02 astronomical 
units from its sun (one astronomical unit is the 
distance between our Sunand the Earth), the 
aptly named WASP-12b (and the very recently 
discovered WASP-18b) is so large, moving so 
fast, and isso hot -at about 2,250°C - that it 
should probably be a star, says Patricia Reiff, 
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Allimages courtesy of NASA 


Ashot of white dwarf Sirius B from 
NASA’s Hubble Space Telescope 


After the star has exhausted its helium supplies 
and lostits outer layers, it enters the white dwarf 
stage. With no fuel left to burn in its core and the 
pressure of outbound radiation reducing, the star is 
compressed by gravity continuously, becoming 
denser and denser to the point where its very 
electrons become smashed together. Finally, the 
compression of these electrons cause every energy 
level available within the individual atoms to be 
filled and are left with nowhere else to go, stabilising 
the newly formed white dwarf. The dwarfis now 
comparable to Earth in volume and our Sunin 
density, with only two courses of action left - slowly 
dissipate any remaining energy until all that 
remainsisan inert lump of astronomically dense 
matter, or continue to collect mass froma companion 
star pushing itself over critical mass and explode ina 
Type lasupernova. 


Is this the hottest planet in space? 
WASP-12b is one of the fastest orbiting, 


the director of the Rice Space Institute in 
Houston. Most ‘hot Jupiter’ planets that mimic 
the gaseous giant in our solar system are much 
farther out in the solar system. WASP-12b is 
located about 800 light years from Earth, so we 
can only get a faint picture of why it has not 
turned into asmall rock by now. 

Interestingly, most planets this hot and this 
fast do become stars even while in orbit orjust 
boil offinto nothing. 


“One light year equals 





9,460,730,472,580.8km" 


Light years 


The distance light travels in a year 


eee haycctake 
(qeyeoenaely 
measurement of 
distance used by 
astronomers to describe the vast 
distances of objects beyond our 
solar system. This is easily 
appreciated when even the 
nearest star beyond the Sun, 
Proxima Centauri, is ata distance 
of 40,000,000,000,000 kilometres. 
Light travels at a speed of 300,000 
Ratleyintsiacaspelsacue)eOB tena eS 
vacuum of space, so one light year 
(365.25 Earth days) equals 
9,460,730,472,580.8 kilometres. 
Using light years, Proxima 
Centauriis at a distance of 4.24 
light years, which is far easier to 
write and comprehend. # 
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1 Voyager probes 

In August 2010, the Voyager 
probes were at a distance from our 
Sun of 17.1 and 13.9 billion km 
respectively. It'll take them 18,000 
years to travel one light year, 


Milky Way 
Our galaxy is approx. 100,000 to 
150,000 light years across. 


Close neighbours 

There are only 12 stellar objects 
up to a distance of ten light years 
from the Sun. 


Naked eye 

The furthest stellar object you 
can see with the naked eye is the 
Sombrero Galaxy, which is 28 
million light years away. 


Short blast 

For a few hours, you could see a 
supernova stellar explosion with 
the naked eye on 19 March 2008. 
It was at a distance of 7.5 billion 
light years. 


Flat keg 


Searching for hidden planets 


How bending light can reveal hidden worlds 


) It’s been over 80 years since Einstein first 
published his general theory of relativity 

2 andhe’'sstill making headlines. 
Astronomers are nowusing a central tenet of 
Einstein’s revolutionary theory - that massive 
objects like stars and galaxies can bend the fabric of 
space-time - to create celestial magnifying glasses 
called gravitational lenses. 

Here’s how it works. Using Einstein’s theory, 
scientists proved that light travelling toward Earth 
froma distant star bends slightly as it passes by the 
Sun. The bending effect is almost imperceptible 
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6. Doing the math 
SMe ie Rin eM esi tl ace slate lata stoic) 
and positioning of duplicate source 
images, astronomers can calculate 
the mass, distance and location of 
undiscovered celestial bodies. 
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1. Distant light source 
OS ele Ra lelede) 
telescope to seek out far-off 
galaxies like this quasar on the 
furthest edge of the universe. 


because the Sun doesn’t contain tremendous 
amounts of mass. 

But imagine ifan entire galaxy sat between the 
Earth anda far-off star. The mass of the galaxy cluster 
wouldact like a thick lens, bending and warping the 
light as it passed. To someone on Earth, the effect 
would be multiple images of the star, or insome 
cases, a glowing halo called an ‘Einstein ring’. 

To discover one of farthest ‘extrasolar’ planets-a 
planet 15,000 light years from our solar system - 
astronomers have useda version ofa gravitational 
lens. In this case, astronomers used a nearby star asa 


3. The real path 

As light travels away from the quasar, it is 
pulled into the powerful gravitational field of 
the galaxy cluster, which bends it in the 
direction of the Hubble telescope. 


5. Line of the ring 3 Ss 
4f.you trace a line from the Hubble telescope directly 
through the Gravitational lens, it’s called 
the optical axis: If the source quasar lines up directly 
along the optical axis, the result is an Einstein ring, a 
bright orange halo surrounding the quasar image. 
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‘lensing star’ to bend the light ofa distant source star. 
They chose the lensing star because ofits size and its 
likelihood to have orbiting planets. 

What they observed was remarkable. When the 
source star aligned behind the lensing star, the 
astronomers observed a double image of the source 
star. Then they witnessed two sudden spikes in the 
brightness of the double images. The spikes, they 
deduced, were caused by the gravitational pull ofan 
unseen planet orbiting the lensing star. Powerful 
gravitational lenses also act as magnifying glasses, 
detecting faint light from distant sources. 


2. Bend itlike Einstein 

A huge cluster of galaxies makes a deep 
gravitational. depression in the space-time 
flee Vile nim ese Adee ele: alg 

bends in dramatic yet predictable ways, giving 
EC eealt cel elima ke cue el Arce 
of the light source. 
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4. Observed light 7 
From the perspective of the Hubble 
telescope, the light from the quasar 
appears to be coming,from two 
different directions, producing two 


‘phantom images of the quasar — far 
from the galaxy’s true position in space. 
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Stella 
quak 


What causes these 
giant explosions 
that rock the 
universe? 


At the heart ofa stellar quake isa 
neutron star, which hasa highly 
dense mass of protons and 
electrons that have been forced 
together to form neutrons. Neutron stars 
have up to five times the mass of the Sun but 
are only about 20 kilometres in diameter. 
They spin on average at 400 rotations per 
second, but their strong magnetic fields 
cause them to slow down over time. The 
highest observed spin speed of a neutron 
star is1,122 rotations per second. 

As they rotate, the incredibly strong 
gravitational force of the star counteracts the 
spin of the star. The former attempts to draw 
in the equator, while the centrifugal forces 
resulting from the spin of the star try to push 
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27 December 2004 saw a neutronstar 


the equator out. This changes its shape from flare up so brightly it blinded all the Amassive stellar 
an oblong to a sphere, cracking the rigid iron x-ray satellites in space for an instant quake was detected 
crust. Mountains only a few centimetres tall 7 50,000 light years 
begin to appear across the surface as the 2 from Earth on 27 
tension builds. " . ye att 4 December 2004, the 
Eventually, the tension in the surface , i ° —s biggest explosion 
reaches such a level that the crust ‘snaps’ ‘ , " " observed by humans 
anda huge number of gamma rays and x- ¢ a af r . % since a supernova in 
rays are released asa stellar quake. As the ao . ¥ ; 1604. Scientists said 
geometry of the star readjusts, the strong 7. ; ; Y ae . that ifithad been10 
magnetic fields temporarily drop to a lower 7 4 s 4 light years closer, we 
energy level. Combined with the energy : ~ ae would have been 
released from inside the star, this creates ‘ waa aa i i facing amass 
one of the largest known flashes of x-rays in Cassiopeia Aya supernovarenmant | Meatebbuterycneclccoamey ad eck @etcbale bec] extinction. 
the universe. in the constellation Cassiopeia® | Oe oa agree satiate - 


Magnetars 


Recent evidence suggests the primary causes of the largest stellar 
quakes are magnetars, large neutron stars with an incredibly 
powerful magnetic field. At twice the size ofa regular neutron 
star, a magnetar can have up to 30 times more mass than the Sun, 
despite the Sun being 46,000 times larger. A tablespoon of mass 
from a magnetar would weigh the same as 274 Empire State 
buildings. The magnetic field ofa magnetar is several trillion 
times stronger than that of Earth while its rigid crust is 10 billion 
times stronger than steel and1.5km thick. 
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Red dwarf 


At 7.5 Stee cent the mass ofthe sun, these 


Seva 
white hot profile 


urning stars create a less-than 


) The red dwarf represents the most common star-type in the known 
universe. It is so-named after its distinct spectral class and 
diminutive size: at less than half the mass of the Sun. Sufficient 
gravitational pressure at the core of a star sparks hydrogen fusion: 

a process whereby hydrogen nuclei collide to form helium. It is this energy that 


gives off heat and causes the star to shine. 


With increasing size and weight, core pressure builds, raising the 
temperature and speeding up fusion. At 7.5 per cent the mass of the Sun, the 
smallest red dwarfs barely posses enough mass to sustain this process, often 
slow-burning at 1/10,oooth the intensity, forging a less than white-hot profile. 

Despite appearances this is an advantage. A red dwarf can consume energy 
at much lower levels, helping extend its life. It may take 10 trillion years to 
exhaustits store of hydrogen fuel, easily outdoing the age of the universe. # 


Distance in space 


How to measure the unfathomable expanses of space 


When you consider the 
ee vastness of space, determining 

the huge distances between 
the planets in the solar system is clearly 
nota case of just whipping out your 
tape measure. We're talking massive 
distances here, so to make the 
calculations easier to comprehend, 
astronomers use a smaller unit to refer 
to such distances: the astronomical 
unit (AU). 1AU is equal to the average 
distance between the Earth and the 
Sun (about 150,000,000km). We take the 


MERCURY 





average because the Earth’s orbit is 
elliptical and so the distance varies. 
Astronomers have long known the 
nature of the orbits of the planets. The 
radius of Mars’s orbit is just over one 
anda half times that of the Earth, 
making the average distance between 
Mars and the Sun 1.52AU. 

The greater distances involved with 
measuring beyond the solar system 
render the astronomical unit 
redundant. The nearest star to our Sun, 
Proxima Centauri, is 4.3 light years 


meme Oana 


| 


| 


Fields at 
rN NS 
As the ionised 


(electrically 
charged) gas 
Tag 
generates a 
fireye asim a1] 
rela) 
proportionally 
strong for the 
size of the star. 


Convection 
core 


Thermonuclear fusion 


Four hydrogen nuclei collide to form a single 


Mee eM Mees tale Baer ce ear] 
eareM tu Meeli tallies es-ecHe Relais ecw tile 


is converted to energy as heat. 


away - that’s some distance when you 
realise that one light year is 63,239AU 
and 1AU is 150,000,o00km. In these 
circumstances, astronomers again rely 
on the geometry of the Earth’s orbit 
around the Sun, only this time they use 
amethod known as parallax to make 
their calculations. The easiest way to 
understand parallax is to close one eye 
and look ata star, then hold your thumb 
up overit. Next, keeping your thumb 
still, close your other eye instead and 
you'll notice the star appears to have 


THE SOLAR 
Sy TESS 
AU 


Brewing up trouble 
Rotation causes the rising cells of 
gas (and so magnetic fields) to 
tangle and twist, building up 
energy that eventually snaps as a 


solar flare. 
4 Convection 
| envelope 


> 


+—— The 
Va r= loxs) 


bates Monciee a= 19 

te aie) 

reaches 2,500- 
4,000K and is 
responsible for the 
characteristic red 
wavelength of light 
emitted from the star. 


Convective cooling 

As super-heated gas rises from hydrogen 
fusion by way of convection cells it spreads 
out and ‘cools’ from a core temperature of 
millions of degrees Kelvin. 


moved. Ona much larger scale, imagine 
your two eyes as separate points on the 
Earth’s surface looking at the star. 
Knowing the Earth’s orbit around the 
Sun, we can view the same star from 
different positions and, by 
triangulating the angles of light from 
the star from two points into one, 
calculate the distance to the star. 

For further galaxies and stars the 
angles involved are too small to 
distinguish in this way and requirea 
different method of measurement. 
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How gravity works 








What Is 


Surprisingly weak yet mysteriously powerful, 








Falling force 


Legend has it that Galileo famously disproved 
Aristotle by dropping two cannonballs of 
different mass from the top of the Tower of Pisa 
and showing that they land simultaneously. In 
1971, astronaut Dave Scott dropped a feather 
anda hammer on the moon, proving that all 
objects fall at the same rate ina vacuum. 
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pull of every single atom on the planet by 
lifting a wooden block off the floor. 


” “a 
y gravity is the super glue of the universe 
Everything in the universe is made That’s what makes Newton's discoveries so 
of matter-the cosmic ‘stuff’ of amazing, even today. Gravity - this wimp ofa 
aa - creation. Massisameasurementof force-issomehow powerful enough to pull 
— ¥ # theamountof matter containedin the moon into orbit and keep the Earth 
any object, from planetstoprotons.TheEarth, cruising inaperfect elliptical path around the 
for example, has a mass of 5.9742 x 10% Sun. Without the constant tug of gravity, 
kilograms, while the mass ofasingle protonis § planetswould crumble into dust and stars 
1.67262158 x 10-27 kilograms. would collapse. 
When we think of gravity, we usually think Gravity is also responsible for giving objects 
of the gravitational force exerted by massive weight. But don’t confuse weight with mass. 
(literally) celestial bodies like the Earth, the While mass isa measurement of the amount of 
Moon or the Sun. But the truth is that any matter in an object, weight is the downward 
object ofanymass-evenasub-atomicparticle force exerted by all ofthat matterina 
- exerts a gravitational pull on nearby objects. gravitational field. In the zero-gravity vacuum 
Sir Isaac Newton proved that objects of of space, objects are weightless, but they still 
greater mass exert a stronger gravitational have mass. 
Fe force. That’s why we typically talk about On the surface of the Earth, where the force 
gravity inreference to planetsandnotprotons. of gravity is essentially constant, we consider 
But the shocking truth about gravity is that mass and weight to be equal. But thatsame 
even a colossal hunk of rock like the Earth object - with the same mass - will weigh 17 per 
a exerts an exceptionally puny pull. Aninfant,in | centlessonthe Moon, where the gravitational 
— fact, can defeat the combined gravitational pull is weaker. On Jupiter - not the best place to 


starta diet - that same object will weigh 213 
per cent more. 


Issac Newton 


Sir Isaac Newton was born in 1642, the 
same year that Galileo died. While 
Galileo proved that objects of different 
masses fell at the same rate, it wasn’t 
until Newton published his revolutionary 
Principia Mathematica - the most 
influential physics text ofall time - that 
this mysterious force was finally givena 
name: gravity. 

Newton’s Universal Law of Gravitation 
was the first to explain gravity in clear, 
mathematical terms. It was also the first 
truly ‘unified’ theory, explaining both 
earthly and heavenly mechanics. To 
readers of his day, it would have been 
completely inconceivable to imagine that 
the same force that pulls apples from 
trees could also coax the moon into orbit. 

Over 300 years after their publication, 
Newton’s elegant formulas still playeda 
vital role in putting humans on the moon 
for the first time. 








Ls] ua0) i Black hole Mighty moon Escape velocity Gravity and fitness Pulling power 
Ablack hole’s gravitational pull The moon’s low gravity means Deimos, a moon of Mars, has Prolonged exposure to zero Size and mass effect gravity: 
FE, A - a) is so strong that even light can’t objects weigh one sixth of such low gravity that if you gravity poses health risk for Uranus has 14.5 times the 
escape from what’s known as their Earth weight. A strong jumped, you'd easily achieve astronauts, including bone mass of Earth but because of 
its ‘event horizon’, an invisible man could lift a small car on escape velocity and send loss, muscle atrophy and even its size, it only has around 90 
EF a A Al a4 boundary around it. the moon! yourself into space. immune problems. per cent of Earth’s gravity. 








ee ew iaele Albert Einstein won the Nobel Prize for Physics in 1921 














gravity? 


8. Escape velocity 

With enough velocity, the cannonball will escape 
the Earth’s gravitational pull entirely. The Earth’s 
escape velocity, as calculated by Newton, is 11.2 

kilometres/second (7 miles/second). 


1. Short-range 

If a cannonball is fired froma 
mountain peak above the Earth’s 
atmosphere, gravity will pull it 
down in the direction of the centyg 
of the Earth. 








(8) 


2. Mid-range 

\, With a higher 
muzzle velocity, the 
cannonball travels a 
longer horizontal 
distance, while 
falling at the same 
rate of acceleration 


{ \\ (gravity). 
a 


Se Cannon 
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3. Long-range 
With enough muzzle 
velocity, the 
cannonball reaches 
the horizon. In this 
case, the curve of 
the Earth makes the 
Earth’s surface ‘fall 
away’ slightly from 


7. Elliptical orbit 
A little more speed 


produces an elliptical orbit, , the eee 
i ‘ ri . . allowing it to trave 
like 7 ae of the planets 5. Orbital vel locity 6. Circular orbit sc Se 
jaroupel ene Sun: At a precise muzzle A little more speed results ina before landing. 


velocity, the cannonball 
will balance its 
gravitational fall with the 
curve of the Earth, 
resulting in a circular 
orbit that collides with 
the cannon. 


continuous circular orbit. Fixed 

positioned satellites reach a circular Y 
orbit with a launch velocity of 

11,300kph (7,000mph). 







4. Half orbit 

Here, the horizon effect is 
exaggerated. The surface of 
the Earth falls away from the 
cannonball nearly equal to 
gravity’s rate of acceleration. 









Albert. 
Einstein 


While Newton was able to 
mathematically prove the existence of 
gravity, he had no idea where it came 
from or how it actually worked. In the 
Newtonian world view, gravity wasa 
constant, independent force that acted 
instantaneously. If the Sun were to 
disappear, Newton argued, then the 
planets would immediately spin off 
into the void. 

In1905,a young and unknown Albert 
Einstein postulated that light travelled 
ata discrete speed limit through the 
vacuum of space. Since nothing can 
travel faster than light, the force of 
gravity cannot act instantaneously. If 
the Sun disappeared, it would take over 
eight minutes for the loss of gravity to 
be felt by Earth. 

But Einstein‘s most mind-boggling 
gravitational insight came in 1916 with 
the General Theory of Relativity. In his 
radical view of the universe, the three 
dimensions of space are merged witha 
fourth dimension of time and 
represented asa flexible, two- 
dimensional ‘space-time’ fabric. 

According to Einstein, objects of 
great mass act like bowling balls ona 
trampoline, bending and warping the 
space-time fabric. Ifa smaller object 
rolls too close one of these bowling 
balls, it will be drawn toward it. Gravity 
is not some mysterious independent 
force, but the result of the collective 
wrinkles in the fabric of the universe. 
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“Like a cable car, the charged 
particles travel along the 


magnetic field lines 


bee a Tel 


How+the aurora borealis provides . 
us with stunning views like this... _ pe ese. fe 


® Inthis amazing image ‘ : ; ae > 
’ ey you can see the effect of 5 Se Ya i 
, ~ theEarth’smagnetic * ° De Ws : vEe 
fields and the solar wind * : 
combining, creating whatis 
knownas the aurora borealis in 
the northern hemisphere (and 
aurora australis inthe southern), 
Covad etep ele adetael Tete 
* The niagnetic field of the Earth 
begins and ends atthe 
geographic South and North 
Poles respectively. bunts magnetic 
field is also strongest at the poles, 
- where the field lines are closest ; 
together. Within thismagnetic ~ BS 
field are charged particlesknown, * : 
as ‘plasma’, free electrons and. - 
positive ionS moving around the = 
Earth. Like a cable car, the . 
charged particles travel along the 
magnetic field lines, leaving one 
pole andencircling the Earth 
LeloCe)e Levee \steletalm sede dle 
As the particles oa ontLoe 
the poles, in this picture the 
North, they collide with gas * 
atoms in the ionosphere (the 
upper part of the atmosphere), 
mostly oxygen-and nitrogen, in 
_ addition to traces of hydrogen 
- and helium. These gas atoms, 
gain energy and subsequently 
glowas they conduct an electric 
current caused by the collision 
with the electrons and positive 
ions. However, the aurora is not 
always noticeable by this effect 
alone, instead relying on the , 
Sun’s influence to aid the process. : ~ 
As the Sun exerts a solar wind; . . 
whichis subatomic particles 
suchas protons and electrons 
boiling off the Sun, they squeeze 
the particles trapped in our 
magnetic field and push them 
into the ionosphere, increasing 
the number of collisions with the 
gas atoms. This is why periods of 
increased activity from the Sun 
are more likely to produce 
stunning auroras, as more 
particles from the Earth's 
magnetic field are pushed into 
the poles and therefore more gas 
particles gain energy, lighting up 
as collisions occur. # 
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Auroras of the solar system 

Most planets in the solar system appear to have some sort of aurora 
at their poles, with the brightness depending on the strength of 
their own magnetic field and their distance from the Sun. 





2 2 5 5 : . Burnie rtnt Lens teh NOON T EACH CHM ONAN eETA CAE Tea 

i %, - Wo 0 a fas, J the International Earth and Sky Photo Contest 2011. Itshdws 

: : ei x a Da r re r aeNCe McMeel any Texoma EOE IB EN carn ace Teh 

~ a - E > , % : Jokulsarlon, the scene of many hit filmis including James 

s si rs yi - f : ; é Bond’s A View To A Kill (1985) and Die Another Day(2002) 
« PN 








© NASA/Stephane Vetter (Nuits sacrees) 
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“If the Milky Way collided with the 
nearby Andromeda galaxy, we would 


barely notice a thing on Earth” 





NASA’‘s Hubble Space Telescope took this 
image of the Antennae galaxies, which began 
colliding a few hundred million years ago 


Joining forces 


@©ESA/ NASA 
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What happens when two 


galaxies collide? 


When two galaxies 
cross paths, the 
chance ofany stars 
colliding is almost 
zero. In fact, if the Milky Way 
collided with the nearby 
Andromeda galaxy, we would 
love yauolacecr-meenbereqoemsrcladen 
Instead, the multitude of dust and 
gas in each galaxy interacts and 
creates the characteristic 
spectacle. As the materialin the 
stars interacts gravitationally, 
newly formed gas clouds give 
birth to stars. Friction between 
the gases can cause numerous 
shock waves, which also become 


=) 


instrumental in the formation of 
soe act tc beh 

Colliding galaxies usually take 
millions or even billions of years 
to merge. As they collide, tidal 
gravitational forces will rip the 
smaller of the two galaxies apart, 
scattering dust and stars. The 
bo aeneroad creel OeRnBtT 
heat up and radiate strongly, 
creating one of the brightest 
infrared objects in space. In this 
instance the larger galaxy will 
swallow the smaller one, but on 
some occasions the galaxies may 
pass through each other and 
ContevecxeeeU bono mUvev etc arets(e MJ 





What happens when 
two galaxies collide? 


1. First contact 

The first signs of a galaxy collision 
will be a bridge of matter 
between the two, caused by 
gravitational forces. 


2. Tidal tails 


Long streams of gas and dust 
known as tidal tails spiral out of 
the collision as the material is 
thrown out. 


3. Ripped apart 
Gravitational forces pull the 
matter in all directions, creating 
shock waves throughout the 
cloud of gas. 


©images x 4ESA/ NASA 


4. A star is born 


The core of the collision is 
subjected to intense frictional and 
gravitational forces, resulting in 
the formation of massive stars. 








SUPERNOVAE 
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FACTS 


Type | 
supernova 


How a Sun-like star 
undergoes a supernova 
at the end of its lifetime 


1. Red giant 

Astar like our Sun, but within a 
binary system, expands into a red 
giant at the end of its stellar life. 


@ESAandJustyn R. Maund 
(University of Cambridge) 


2. Binary 

Matter from the star passes to its 
companion star, becoming a 
white dwarf star. 


3. Chandrasekhar 


It begins accreting mass back 
from its companion star until it 
reaches the Chandrasekhar mass. 


PORVi EVANS. 


4. Gravitational 
collapse 

Electrons can’t escape the gravity 

and it collapses to a temperature 

at which carbon ignites. 


5. Type | 

Star releases energy equivalent to 
10° megatons of TNT at three per 
cent the speed of light. 





A white dwarf taking matter 
from a companion star ina 
binary system produces a Type 
la supernova, found in all 
galaxies. Type la supernovae 
have a characteristic light curve. 


Ib Ic HIP and IIL 


Almost identical to a Type 

Ib supernova except that 
there is no helium present in 
this explosion. Both Ib and 
Ic have a rather unusual lack 
of symmetry. 


Type Ib supernovae are 
found only in spiral galaxies 
and are formed as the result 
of either the Type | or Type Il 
method, depending on the 
star’s mass. 





How stars produce different champagne 
moments that light up the universe 


™ InaTypelsupernova,astarformsa red giant and absorbs the mass ofa 
companion star ina binarysystem. It expands beyond an area known 
as the Roche lobe, where material can escape the gravitational pull of 
~ the star. Once passing this limit, it begins transferring mass back to its 
companion star and degenerates into a small white dwarfstar, before taking mass 
back again once more. It reaches the Chandrasekhar limit (1.44 times the mass of 
the Sun), a point at which it can no longer protect itself against gravity, andits mass 
collapses in on itself, exploding as a Type I supernova. 

AType II supernova is, by comparison, much simpler. As massive red 
supergiants age, they produce heavier elements in their interior, increasing the 
mass of the star. When it reaches the Chandrasekhar limit, the core collapses in 
onitself, producing a huge explosiogknown as a Type Il supernova. a 





Type II supernovae can be 
divided into IIP (plateau) and 
IIL (linear), which describes 
how the brightness of the 
supernova subsides, slowly 
and quickly respectively. 


In and IIb 


than regular Type Il 


Type Il 
supemova 


Massive red supergiants 
experience these more 
simplistic supernovae 


1. Red supergiant 

A star with over nine times the 
mass of our Sun forms a red 
supergiant at the end of its life. 


2&3 A 


2. lron core 

The shell of the star collapses 
into the iron core until the 
Chandrasekhar limit is reached. 


3. Shockwave 

As material reaches the super 
dense core it bounces outwards 
again, producing a shockwave. 
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Bietenholz, YoreUi 
Artist: G. Arganes 


4. Neutron star 

The core of the star is crushed 
into a neutron star, an object 
containing the mass of our Sun. 


on 
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5. Type Ill 


The interior of the star implodes, 
forcing matter from the surface 
outwards in a massive explosion. 
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Both of these possess more 
prominent levels of hydrogen 


supernovae, possibly due to the 
red supergiants losing mass to 
acompanion star nearby. 





CORES 








SEES Toc) Ca \ 
LON irre oreloCcren cv a 
unexpectedly stumbled } 

* acrossa gomet tail 


. Zs - 
\ 
* ’ a ne : 
< 
oe 
o 





What'’s trailing behind and in front of these 
rocks as they hurtle through space? 


Comets are small, icy bodies in orbit around the Sun 

surrounded by a gaseous coma that consists of 

water, carbon dioxide and other gases. The most 

noticeable features ofa comet are its tails, with most 
having two, a dust and ion tail. Both tails point away from the 
Sunat varying angles due to the solar wind, regardless of the 
comet's directions. 

The dust tail ofa comet appears whitish-yellow, because its 
microscopic dust particles reflect sunlight. Itis anywhere from 
600,000 to 6 million miles (1 to 10 million km) in length, pushed 
out from the comet by the solar wind and curving slightly 
because of the comet's orbit around the Sun. The other tail, 
knownas the plasma or ion tail, is composed of charged gases 
(ions) such as carbon monoxide, and stretches as far as 100 
million miles (160 million km) from the comet. The solar wind 
also pushes this tail away, butit is largely unaffected by the 
comet's orbit. This means that when the comet approaches the 
Sun the tail runs behind it, butwhen the comet moves away 
from the Sun, the ion tail leads in front of the comet. 
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Solar wind 

ere 1g) 
affected by the solar 
Tate late Rae QV) 
point away from the 
Sun, regardless of the 
comet’s direction. 


1ST) 

The ion tail appears 
blue because the 
solar wind makes the 
fore ole aMunelared (sc) 
ions fluoresce. 
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The closer the comet gets to the Sun 
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This photograph of Halley’s 
comet was taken in1910 
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e als The smoke-like 
particles of the dust tail 
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ray —s 7 always drift away from 

> the Sun, but are curved 
towards the orbital 


path of the comet. 
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The jellyfish nebula is so named for the 
odd-shaped object at the bottom-right of 
this image. In the image the emission of 
oxygen, hydrogen and sulphur are shown 
in blue, green and red respectively. The ‘jellyfish’ isa 
supernova remnant, formed whena star went 
supernova over 30,000 years ago. This event sent out 
shockwaves through space that swept up and heated 
interstellar dust and gas, creating the spectacle we 
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The jellyfish nebula 


We take a look at this oddly shaped supernova remnant 


can nowsee. The northern part of the ‘jellyfish’ 
was created by a fast shockwave moving at about 
360,010km/h (223,700omph), while the southern part 
was the result ofa slower shockwave that travelled 
at 108,000km/h (67,100mph). At the centre of the 
remnant isa dense neutron star, left when the 
initial star exploded. 

The jellyfish nebula is roughly 5,000 light years 
away and about 300 light years across. Either side of 


Anunseen néutronstar residés in the 
centre ofthe ‘jellyfish’, bottom right 


© Focal Pointe Observatory / Bob Franke 





the ‘jellyfish’ you can see two bright stars: 
Mu Geminorum and Eta Geminorum. The former (on 


the left of the image) is a red giant 68 light years closer 
to Earth than the nebula, while the latter (on the right 
of the image) is also a red giant but 50 light years 
further away than the nebula. In the main, central 
part of the image is an emission nebula knownas 
‘sharpless 249’, formed from the emission of hot, 
ionised gases from a nearby hotstar. 
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The supermassive black holes that are 
trillions of times brighter than our Sun 


Quasars (quasi-stellar 

radar sources) are the size 

of our solar system but 

contain the mass of over a 
million stars. This statistic initially 
baffled scientists as quasars outshone 
galaxies containing billions of stars, 
significantly larger bodies in the 
universe, by 100 times. 

The answer is that quasars accrete 
matter from a supermassive black 
hole at their centre, ‘supermassive’ 
being defined as up to a few billion 
times the mass of our Sun. Quasars 
are found at the centre of galaxies and 
are known as active galactic nuclei, 
taking in several solar masses of 


matter every year. One of the most 
powerful objects in the universe, 
quasars are present in about 5-10% of 
all galactic centres. 

The mass of swirling gas 
surrounding a quasar is responsible 
for its incredible luminosity, being 
heavily heated by the intense 
gravitational forces in action. They 
are so dense that some will only emit 
this high level of electromagnetic 
radiation for a few hours, and may 
halve or double their output in as 
little as a week. Quasars are live fora 
few billion years and are usually only 
present in galaxies at the start of their 
lifetime in the universe. * 
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black hole 


BT 

Magnetic fields throw charged 
particles out of the quasar in jets at 
almost the speed oflight, beams of 
plasma emitting observable x-rays 
and radio waves. 


Orientation 
The angle at which the quasar 
isto the Earth willaffect our 


observation, so similar quasars 
could look wildly different 
from one another. 
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Sy radio waves, the name ‘quasar’ 


emit an observable amount of 


has stuck since their discovery 
inthe1960s. 


Cloudy 

Gas clouds travel around 
the quasar at extremely 
Have ois) (oleae ite) 
obscuring the quasar 

riew and making 

ard to study. 


Black hole 

At the centre ofa quasar 
isa supermassive black 
hole, accreting vast 
amounts of matter that 
power the quasar and 
release huge energies. 





The quasar effect / space-time fluctuations 


Gravitational 
waves 


The near undetectable 
fluctuations of space-time that 
bend the cosmos 


Gravitational waves are fluctuations in the fabric of space-time 

caused by the motion of matter. Violent events in the universe, 

suchas two black holes colliding, produce these ripples that 

propagate through space at, or near, the speed of light. They 
travel much like a wave, stretching and shrinking distances but becoming 
weaker as they move further from their source. While the movement of 
any matter produces gravitational waves, it is only large-scale events that 
will produce any detectable readings. Gravitational waves, predicted by 
Einstein’s theory of general relativity, have so far been almost impossible 
to detect, and the main proof to date of their existence was the discovery of 
abinary system containing two neutron stars in 1974. Measuring the 
oscillation of space-time due to gravitational waves is equivalent to 
measuring the change in the size ofan atom within the distance from the 
Sun to the Earth. Today the search fora detectable gravitational wave goes 
onat observatories in the USA, firing light down two long tubes measuring 
2.5 miles (4km) at right angles to each other and detecting differences in 
the reflected light. 


The Laser Interferometer 
Gravitational-Wave Observatory 
(LIGO) in Livingston USA, isused 
to search for gravitational waves 


©LIGO Laboratory 


This NASA visualisation of two merging black 
holes applies Einstein's theory of general 
relativity to illustrate gravitational waves 
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a 1. Supernova 

° Acchain reaction of 

‘ shockwaves emanates 
throughout a starburst 
galaxy as supernova after 


supernova explodes in 
close proximity. 


2. Superbubble 


Supernovae are so common 
in starburst galaxies that 
they produce rapidly 
expanding bubbles of 

gas millions of degrees 

in temperature. 


3. Superwind 
The heavy elements 

and energetic radiation 
dispersed by supernovae 
are carried between 
galaxies on waves known 
as superwinds. 





What Is a nova? 


It might not be super, but 
it’s still very impressive 


Novae are not to be confused with their more 
explosive supernovae brothers. The latter are 
the result of red supergiants (very large stars) 
= collapsing, or most of the mass ofa white 
dwarf exploding. Asupernova will typically eject more 
than 1.38 solar masses (the mass of our Sun) of material. A 
nova, by comparison, ejects just 1/10,o0oth ofa solar mass. 
Novae occur in binary systems where two stars are 
orbiting one another. One of these will typically bea small, 
white dwarfstar and the other a red giant. As the red giant 
expands, it moves into the gravitational influence ofits 
small companion. A white dwarfhas avery strong 
gravitational field and therefore rips matter from the red 
giant. Once the white dwarf has absorbed so much matter 
that it can no longer supportitself, it suddenly explodes as 
anova and ejects its hot surface gas. However, the central 
white dwarfstar survives, unlike inatype1supernova 
where the majority of the white dwarf’s mass explodes. It 
immediately begins consuming matter from the red giant 
again and the nova process repeats within a period of 
100,000 years. 


Starbur; 


These eanect cl produce stars 
much faster than anywhere 
else in the universe 


Agalaxy experiencing an unusually high level 

ofstar formation is known asa starburst 

galaxy. This increased activity is so intense 

# thatstars only form fora period of 

approximately 10 million years, a very tiny amount of 
time compared to the life ofa 1o billion year old galaxy. 
With production at up to 100 times faster than a regular 
galaxy, the resultant stars are typically very massive 
and luminous. 

These events usually occur when two galaxies collide, 
sending shockwaves through the clouds of dust and gas 
within each galaxy and crushing them together to begin 
the process of star formation. The stars produced are often 
so massive that they use up their fuel quickly, becoming 
supernovae and sending more shockwaves throughout 
the galaxy. This creates a chain reaction of events until the 
available material in the galaxy is used up and the 
starburst comes to an end. 
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Anova occurs ina binary 
system containing a red giant 
and a white dwarf star. 


© NASA/ JPL-Caltech 


Explosion " 
BUR UnCeMe lw reli [eced gl Co) 
matter from the red giant until 
it can no longer supportiitself 
and explodes as a nova. 


Growth 

As the red giant grows, it 
moves into the gravitational 
influence of the white dwarf. 


a 
© NASA/Lynn Barranger 


om at image of the 


Hation was taken by 
ypace Telescope 


The Cigar Galaxy, 1f 
million light years away, 
is the nearest starburst 
galaxy to Earth 
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Under the surface of 
this barren moon 
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has remained largely untouched since its 


landscape in the solar system. 


birth 4 billion years ago, the oldest @ 











Ocean 
The depth of the ocean under the surface 

is at least six miles (10km), although it’s 
~ » thought to be inhospitable for life. 






Ice layer 
Mame) 
beneath Callisto’s 
surface is thought to 
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times bigger than Callisto. 





Q 


ore 


ce oom 


* Why this remarkably unremarkable.» 


. moonisso fascinating ees 


® Noatmosphere. No geological 
activity. No fluid core. No 
mountains. The second largest 
~ moon ofJupiter and third largest in 
the solar system really doesn’t know howto 
throw a party. 

«»  Itis for these reasons, however, that Callisto 
became so fascinating. It is the only body in 
the solar system above 620 miles (1,000km) in 
diameter that has not undergone any changes 
to its surface apart from being moulded by 
meteorite impacts. It is the furthest of Jupiter’s 
four Galilean moons at 1,170,000 miles 
(1,883,000 km) away, and for that reason is 
unaffected by Jupiter's radiation belt. 

.* In the late-Nineties it was discovered, 

thanks to the Galileo probe, that Callisto might 

also harbour a salty ocean beneath its surface. 


ate ae mata ‘ 


Itis the most heavily crated body in the solar 
system and concentric rings of ice surround 
most ofits craters. The discovery of potential 
liquid beneath its surface suggested that this 
ice formed as water burst out in the initial 
-impact of meteorites. 

The preservation of the craters on its surface 
suggest it has no geological activity; its 
landscape is shaped only by meteorites. 
There's also no fluid core like other bodiesin + 
the solar system: Instead, its interior consists" 
of rock andice, the former increasing in ratio | 
the deeper you go. Callisto also has no 
atmosphere, again lending to the preservation 
ofits surface. It is for these reasons that it is so 
interesting, acting like a time capsule to allow 
an insight into what the solar system was like . 
billions ofyears ago. 
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Its interior, surrounded by anicy + 

mantle, consists of rock and ice, ae 
with the former increasing in ratio 5 
the deeper you go. - i 
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the largest craters in the solar system and ere 
formed about 4 billion years ago. <= 
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Cosmic 
Microwave 
Background 
Radiation 


The most conclusive piece of 
evidence for the big bang that 
was discovered by accident 


Immediately after the big bang, the universe was incredibly 
hotand dense, and subsequently cooled to about three degrees 
kelvin. One remnant of this process is the Cosmic Microwave 
Background Radiation (CMBR) present throughout the 
universe. It is constant at almost every point in the cosmos, 
which is knownas isotropy. The opposite of this, anisotropy 
(not constant), is present to an extent in the CMBR, and 
supports the observation that matter in the universe is not 
quite uniformly distributed. 

CMBR isa form of thermal radiation detectable in the 
microwave spectrum with a temp of approx 2.7 kelvins, cooled 
since its formation 600 million years after the big bang (about 15 
billion years ago) by the expansion of the universe. Initially, the 
universe was a white-hot fog of plasma and thermal radiation. 
Once it cooled and stable atoms formed, the photons within 
continued to travel through the expanding universe, a relic of 
its early lifeand the CMBR we can now observe. 
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How did these rocks get into a planet's orbit? 


Planets have moons because early in 
their formation they were introduced to 
other space-faring rocks that either 
crashed into the planet and threw off 
debris, or were trapped in the planet’s 
gravitational pull. Over billions of years 


the orbits of these rocks, nowunderthe . 


influence of the planet's gravity, were 
squashed into a spherical shape that 
kept them encircling their host planet. 
; To visualise how a moon becomes 
_ ensnared, imagine the earth isa ball 
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What i IS 


cosmic dust? 


placed ona floating sheet of frictionless 
paper (to represent gravity). The ball 
depresses the paper and if you rolla coin 
(to representa moon) around this 
depressed area at a fast enough speed, it 
will circle the ball indefinitely. 

So, why don’t moons have their own 
moons? The answer is that the planet 
they are orbiting has a muchstronger 
gravitational pull, so over time it would 
selfishly take other objects in as ee 
moon foritself. 





Spring-cleaning is tough for the universe 


Although once considered a nuisance 
when attempting to observe other bodies 
in the universe, cosmic dust has since been 
hailed as incredibly fascinating. Whena 
star expels atoms, some will become ions 
by gaining or losing too many electrons 
and becoming negatively or positively 
charged respectively. These oppositely 
charged ions form anionic bond and stick 
together in tiny crystals just a few 
thousand nanometres across, known as 
star dust (or, more generally, cosmic dust). 
The accumulation ofa large amount of 


cosmic dust over time leads to the 
formation of planets such as the Earth. 

Other forms of cosmic dust include 
circumplanetary dust, which can form in 
rings arounda planet (such as those 
surrounding Saturn). 


Infrared image of cosmic dust in the Andromeda 
galaxy, taken by NASA's Spitzer Space Telescope 
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Virtually every part of 

our planet is teeming 

with life, and it would 

~ beextraordinary that 

life - even on the lowest microbial 
level - does not exist on planets 
beyond our solar system. Ona 
statistical level, our Milky Way 
spiral galaxy has a diameter of 
100,000 light years and contains 
between 200 and 400 billion stars, a 
quarter of which have planets 
orbiting them. Of them, there could 
be 500 million planets that move in 
the habitable zone that can sustain 
life like our own. 

Ifan alien civilisation were to 
reach our level of technological 
ability, it seems only logical that 
they would beam out messages in 
search of other life forms. The main 
restriction is that energy, matter, or 
information cannot travel faster 
than the speed of light - which is 
300,000 kilometres (186,411 miles) 
per second. A far-flung alien 
message might take some 75,000 
light years to reach Earth. Indeed, at 
best the nearest habitable zone 
planet, called Gliese 581g, is 20 light 
years away. 

When Enrico Fermi looked at the 
odds of intelligent life evolving to 
our level of technology, he was 
surprised that we had not been 
contacted already. The Fermi 
paradox is that despite the 
probability of extraterrestrial life, 
we have no evidence ofits presence. 
There are several answers to the 


Martian canals 
At the beginning of the 20th 


Century, American astronomer 
Percival Lowell popularised the 
idea that long dark lines on 
Mars were canals built by 
intellectual Martians. 


Signals from Mars 
Nikola Tesla received signals 
that repeated the numbers 1, 
2,3 and 4. He claimed they 
came from Mars, but research 
suggests they were radio 
emanations from Jupiter. 


Fermi paradox; it might simply be 
that we are alone and that our 
creation was a very rare series of 
events that has not been duplicated 
elsewhere. Intelligent life forms 
might havea tendency to die out 
through natural disaster or 
warfare, or they could have 
transcended our technology and 
use more sophisticated forms of 
communication that are currently 
beyond our means of detection. 

Radio telescopes have mainly 
been used to listen for any regular 
‘alien’ signals ina narrow radio 
bandwidth. Another possibility is 
that aliens might signal to us inthe 
optical wavelengths using powerful 
laser beams. In 2006 the Planetary 
Society began searching for an 
extraterrestrial laser signal usinga 
1.8-metre (72-inch) reflecting 
telescope. Although it processes as 
much data in one second asall 
books in print, it has only detecteda 
few pulses of light as it searches the 
northern hemisphere, and all of 
them have been ruled out as extra 
terrestrial signals. 

Astrobiologists consider the 
possibilities of detecting alien 
microbial life through their 
biosignature. Extremophile Earth 
microorganisms have been found to 
survive and reproduce, which at 
least offers some hope to finding 
this type of microbial life elsewhere 
in the solar system. Astrobiologists 
are also working on mass 
spectrometers and high-energy 


American astronomer Frank Drake formulated the 
Drake equation in 1961, to estimate the number of 
possible intelligent extraterrestrial civilisations 


that might exist in our Milky Way galaxy 
fi 


i} i=) 
The number ofalien The number of 
civilisations capable of 
transmitting signals 
into space, based on 
estimates in the rest of 


the equation. 


living organisms. 


planets that might 
potentially support 
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The fraction of 
planets that 
develop 
intelligent life. 
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The fraction of 
star formations 
that support 
planetary 

By tics 


This estimates the 
yearly rate of star 
formationsin the 
Milky Way galaxy. 
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The proportion of 
planets that 
actually develop 
and nurture 
living organisms. 


«fc 

The number ofalien 
civilisations that can 
create a technology to 
broadcast signals 
into space. 


CTA 102 


Gennady Sholomitskii believed 
a powerful variable radio 
emission represented a signal 
froma super civilisation. It 
was later identified as a 
quasar, designated CTA 102. 
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2. Earth 


1. Venus 
Outside the inner 


boundary of the HZ-too 
hot (460°C) to sustain life. 


0.1 : 
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5. Extrasolar planets 
Extrasolar planets, like Gliese 581d 


andg, areinan HZ thatis closerto 
itssmaller parent star. 





The habitable zone (HZ) is a belt of space 
around astar that is either too hot or too 
cold for life to exist on any planet orbiting 
in this zone. The habitable zone is often 
called the Goldilocks zone after the 

evi heeUse Kam cacoeatermcepunecontetss 
conditions for life that are “just right”. 
The HZvaries according to the size, mass, 
luminosity and life-cycle of the parent 
star. Stars with a low mass and luminosity 
will have an HZ closer to them thana 
larger, brighter star. Unstable or short- 
lived stars are less likely to nurture life. 

Primitive life might live outside the HZ, 
ove BAU ara tlc Na Koh elsp rb acelot ieee 
extremely different to ‘life’ as we knowit. 
It is also postulated that life only occurs in 
star systems in the galactic habitable zone 
(GHZ), that are close enough to the 
galactic centre to form Earth-like planets 
but far enough away from fatal levels of 
radioactivity. The GHZ of our galaxy is 
about 6,000 light years wide and 25,000 
light years from the centre. 

SETI research concentrates its efforts 
on the newly discovered extrasolar 
planets in their respective habitable zone, 
and radio telescopes concentrate on 


Little green men 
Jocelyn Bell and Antony 
Hewish discovered a 1.3373- 
sec signal via radio telescope. 
They named it ‘little green 
men’ (LGM-1), but it was the 
first pulsar (CP1919). 


...and where we are looking 


Earth orbits inthe centre 
ofthe habitable zone that 
surrounds the Sun. 








Distance from star (AU) 


GCRTJ1745-3009 


The Very Large Array telescope 
at Socorro, New Mexico 
recorded five highly energetic 
low-frequency radio emissions 
in 2002. They might be caused 
by a pulsar or neutron star. 







3. Mars 

Mars is on the outer boundary of 
the HZ; further exploration will 
determine if itis or was in the HZ. 








4. Jupiter 

Although Jupiter and Saturn are outside 
the HZ, some of their moons might have 
primitive organisms living on them. 


listening to transmissions between 1,420 
MHz (21cm) emissions from neutral 
hydrogen and 1,666 MHz (18cm) emissions 
from hydroxyl. This quiet range of the 
electromagnetic spectrum, nicknamed 
the water hole, is a logical place for water- 
based life to send signals as hydrogen and 
hydroxyl form water. 


Extrasolar planets are being discovered 
* with increasing regularity 


©NASA 
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x-rays to detect life that does not consist of 
RNA, DNA or proteins. 

Meteorites have been closely examined 
to see if they contain evidence ofalien life 
forms. The Allan Hills 84001 (ALH84001) 
meteorite, which is thought to have come 
from Mars 13,000 years ago, was declared 
by David McKay to contain minute traces of 
fossilised bacteria. This hit the headlines 
in 1996, but terrestrial contamination and 
non-biological processes have been given 
as alternative explanations. Microfossils in 
carbonaceous meteorites were also 
discovered by astrobiologist Richard B 
Hoover in March 2011. 

SETI (Search for Extraterrestrial 
Intelligence) research has also had several 
false alarms, the most famous being the 
so-called ‘Wow’ signal received in 1977 by 
the Big Ear radio telescope at the Ohio State 
University. Dr Jerry Ehman was so 
impressed by the 72-second long signal 
originating from the constellation 
Sagittarius, he wrote “Wow!” next to the 


alphanumeric code 6EQUJ5 on the printout. 


The Arecibo radio telescope in Puerto 
Rico sent the first message to be 
deliberately beamed into space 0n16 
November 1974. The1,679 binary-digit 
message was sent over a three-minute 
long period on the 2,380MHz radio 
frequency. Data such as DNA was aimed 
at the Messier 13 star cluster in the 
Hercules constellation, and will take 
25,000 years to reachit. 


The 
Golden 
Record 


The Voyager1and 2 spacecraft 
were launched in 1977 to explore 
the outer planets of the solar 
system and beyond. Both deep 
space probes are expected to bein 
interstellar space by 2014. Likea 
message in a bottle, they carrya 
30cm (12in) diameter gold-plated 
copper disc. The disc contains 
greetings from Earth in 55 different 
languages and a range of Earth- 
related pictures, sounds and music 
chosen by a committee headed by 
the late astronomer Carl Sagan. 


It has never been detected again and might 
have been created by a terrestrial signal. 

Until recently, we were not sure that star 
systems hosted Earth-like planets. Since 
October 1995 when a Hot Jupiter extrasolar 
planet was found in the Pegasus 
constellation, 50 light years away, 
hundreds of extrasolar planets have been 
discovered. NASA's Kepler spacecraft was 
launched in 2009 to search for Earth-sized 
planets in the habitable zone of star 
systems up to 3,000 light years away, which 
are on the same galactic plane as Earth. So 
far, it’s discovered 54 planets orbiting in the 
habitable zone ofits parent planet. Now 
these planets have been identified, work is 
being carried out to find oxygen and other 
chemical signatures that might indicate 
that they actually harbour life on them. 

When, or if, we find primitive life or 
contact intelligent ET life depends on 
whether there is life to find. Throughout 
our search, we need to take into account 
exotic or advanced ET life forms that might 
be unrecognisable to us. 








Instructions 
The plan and side 
view shows how to 
play the disc. Binary 
code indicates it 
should be rotated 
once every 3.6secs. 


mi 


Pulsars 

This shows our 

solar system in 
relation to14 pulsars. 
The period of their 
pulsationsis given 
inbinary code. 





The Berkeley Open Infrastructure for 
Network Computing version of SETI@ 
home harnesses your computer's unused 
power to analyse signal patterns 


For more information about SETI@ 
home, visit the website http:// 
setiathome.berkeley.edu 


The wow factor 

The note DrJerry Ehmanscribbled 
to indicate his amazement of the 
72-sec long signal via radio telescope. 





SETI (Search for Extraterrestrial 
Intelligence) is conducted by 
several organisations to detect 
extraterrestrial life. SETI@home is 
unique because instead of using a 
huge supercomputer purpose-built 
to analyse the data collected bya 
specific radio telescope, it uses 
internet-connected computers to 
create a virtual supercomputer. 
SETI@home software works 
as ascreensaver, which borrows 
your computer when you're not 
using it. It collects the datain 
small chunks from the internet, 
analyses it and then sends the 
results back to SETI@home. The 
digital data is taken piggyback 
from the Arecibo telescope. The 
network is linked to 456,922 active 
computers worldwide and is run 


by the Space Sciences Laboratory 
at the University of California. 
Despite the equivalent of 2 million 
years of computing time, it has yet 
to come across an unambiguous ET 
signal. Aweak signal was observed 
from SHGbo2+14a between the 
Pisces and Aries constellations at 
the 1420MHz frequency. There is 
no star system observable at this 
location and could have been 
produced bya technical glitch. 

The SETI Institute is a non-profit 
organisation that covers virtually 
every aspect of SETI research. In 
the Nineties, it ran Project Phoenix 
using the Parkes radio telescope in 
Australia and a radio telescope in 
West Virginia, to study 800 stars 
within a 200 light year range of 
Earth. No ET signals were found. 





Decoding 
pictures 

These four diagrams 
indicate how pictures 
can be decoded by 
using the signal from 
the disc. 


Clock 

The record is coated 
witha pure source of 
Uranium -238, 
which steadily 
decays into its 
daughter isotopes. 


Hydrogen atom 
These circles 
represent the 
hydrogen atom inits 
two loweststates, 
acting asatime 
reference for the data. 









DID YOU 
KNOW? 


2x © NASA 


Mars was regarded as the home of human-like 
life until the Sixties, when the Mariner space 
probes showed it was a cratered planet with 
an atmosphere consisting of carbon dioxide 
(CO2). The 1972 Mariner 9 mission did, 
however, show evidence of running water on 
the surface of the planet in the past. 

In 1976, the Viking 1and 2 spacecraft landed 
on Mars to put soil samples in a nutrient 
labelled with radioactive carbon-14. If any 
organism were present, it would digest the 
nutrient and give off recognisable gasses. 
However, results gave no clear sign of life. 


Pale blue dot 


The Earthis a mere 0.12 pixel-sized speck as viewed by the 
Voyager 1spacecraft at a distance of 6.1 billion kilometres (3.7 
billion miles). Astronomer Carl Sagan called this a “pale blue 


dot” that is “the only home we've ever known.” 


Since their arrival on the Red Planet in 
2004, the two Mars Exploration rover craft 
Spirit and Opportunity have all but confirmed 
that liquid water did flow on the surface of 
Mars several hundred million years ago. This 
indicates that life could have existed on Mars 
and might still be hidden beneath its surface. 

NASA's Mars Science Laboratory, which 
consists of the Curiosity rover, will analyse 
samples of Martian soil in great detail to find 
(Hrs aera uNOR I eCse@eb ace ycUONRTy 
present or can live in this environment when 
it lands in mid-2012 as planned. 





_ MastCam 
Mounted at human eye level, 
it provides hi-res colour, 
stereo images and video of 
the area. Itcanalso analyse 
_ light from other parts of the 
electromagnetic spectrum. 





SAM 

Sample analysis at Mars instrument 
(SAM) features a mass spectrometer, 
gas chromatograph and tuneable 
laser spectrometer to analyse soil and 
the atmosphere, to determine oxygen, 
nitrogen and hydrogen. 





Several surprising places might harbour life beyond Mars. Hopes 
that the brew of methane, ammonia, hydrogen and water stirred 
by lightning in Jupiter’s atmosphere would create life have been 
considered and dismissed. Now, asa result of two Voyager probes 
passing Jupiter in 1979, Europa, one of Jupiter's moons, is 
discovered to have an icy surface with a liquid water ocean 
underneath it. If heat is being vented at the bottom of the ocean, it 
could well promote the existence of microbial life. 

Two moons of Saturn are also regarded as having oceans of 
water beneath their surface. NASA’s Cassini spacecraft found that 
the 505km (313mi) diameter Enceladus has potential for life, due to 
water indicated by geysers of ice particles that jet from its surface. 
The 5,150km (3,200mi) diameter Titan has a smoggy atmosphere 
and ethane/methane lakes that may contain primitive organisms 
and indicate similar conditions to those on Earth millions of years 
ago. NASA is planning to senda Titan Mare Explorer (TiME) in 2015. 


ChemCam 

Uses a laser to zap rocks ata 
range of 1-9m (33-30 ft). An 
on-board spectrograph can 
analyse the composition of 
the rock from the spark 
created by the laser. 


Robotic hand 
Thearm usesa Mars hand 
lens imager (MHLI) to 


examine rocks and analpha 
particle x-ray spectrometer 
(APXS) to determine their 
chemical composition. 


ChemMin 

The robotic hand can deposit soil 
samples into the Chemistry and 
Mineralogy instrument (Chem Min) 
on board the rover. It beams x-rays 
through the sample to identify the 
soilstructure. 
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conditions could harbour 
primitive life 


©NASA 





TERVIEW 
Philip Plait 


Dr Philip Plait is an 
astronomer, author and 
blogger who covers all things 
universe-related in the Bad 
Astronomy blog 


How It Works: Have you 
personally taken part in any 
search for alien life projects? 
Philip Plait: No, but some years 
ago, when | was working on 
Hubble, | tried to get pictures of 
extrasolar planets - which, 
unfortunately, didn’t work out. 
However, I’ve written numerous 
times on astrobiology topics, and 
it was the subject of an episode 
of a TV show | filmed. 


HIW: What are our chances 
of finding aliens? 

PP: | know Seth Shostak of SETI 
has said that if aliens are out 
there and broadcasting using 
radio, we'll detect them in the 
next 25 years or so. There area 
lot of assumptions in there, but 
it’s an interesting calculation. | 
can't say for sure when it will 
happen, of course, but I’d sure 
like to be around if and when it 
does. One way or the other, 
though, | doubt it'll be via 
spaceships. It’s far more likely 
that it'll be through some sort of 
light-speed communication 
method, like radio. 


HIW: Where do you think we 


should be looking? 

PP: Everywhere! It might make 
sense to look at stars like the Sun 
to start with, since we know they 
can have planets and live long 
lives, enough time for intelligent 
life to develop. But one thing we 
know about nature is that it’s 
more clever than we are, so | 
wouldn't limit the search at all. 


HIW: Do you think there’s 
intelligent life out there, or is 
it likely to be microbial? 

PP: Given what we know now - 
there are billions of Sun-like stars 
out there, and a good fraction of 
them have planets - | suspect 


there's lots of life in the Milky 
Way. But out of the 4.5 billion 
years the Earth’s been around, it 
had basically gloop living on it for 
more than half that time. So | 
think if we ever travel to other 
planets, that’s what we'll find 
mostly. But open this up to the 
“whole universe”, and I’m 
thinking the answer leans 
towards yes, there are other 
civilisations out there. The 
number of stars is in the 
quintillions. That's a pretty good 
number to start with. 


HIW: What is the current 
status of ET searching? 

PP: SETI's Allen Telescope Array 
is currently mothballed due to 
lack of funds, and that’s not 
good. The technology is 
advancing rapidly, which is why 
Seth gave that 25-year 
timeframe. I’m hoping that they'll 
get the ATA running again soon. 


HIW: What current or future 
mission most excites you 
about the search for ET? 

PP: Right now, Kepler is the best 
thing going: it may very well 
detect planets the mass and size 
of Earth orbiting their stars at the 
right distance to have liquid 
water on their surface. That's not 
finding life, but it would be a 
major step in that direction. | 
don't think any astronomer 
would bet against it, but knowing 
there's another possible Earth 
out there would be motivating. 


HIW: Do you think aliens may 
have visited/communicated 
with us in the past? 

PP: In recent history, | doubt it - 
the evidence simply isn’t there. 
But time is very long and deep; 
any civilisation may well have 
come here a long time ago... 
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How do 
telescopes 
see stars? 

Telescopes are our 

window on the 

universe, but how 
do they work? 


James Webb Space 
Telescope 

Itwill change the way 
wesee the universe 


Herschel telescope 
How the largest man- 
made telescope works 


ALMA telescope 
How this will give us the 
best view of Earth 


Liquid mirror 
telescopes 

These high-tech mirrors 
use the likes of Mercury 


Hale-Bopp comet 
The headline-grabbing 
comet lit up the sky 


Parallax 
We reveal how 
to tell how far 
away astaris 


Gamma ray bursts 
As beautiful as they are 
potentially deadly 


The Arecibo 
Observatory 

The world’s largest single 
dish radio telescope 


Gamma ray bursts 


NASA’s Solar 
Dynamics 
Observatory 
NASA’s crowning 
mission to study 
the Sun 


What 
frequency 
is a quasar? 
How weview 
hard-to-see objects 
in space using 
radio telescopes 





Adaptive optics 
recreate an image 
Constructing an image 
to match howit looks 
in space 


Spitzer space 
telescope 

The last of NASA‘s four 
great observatories 


The SOFIA 
telescope 

The big flying eye 
in the sky 
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How do 
telescopes 
see stars? 


) The Hubble 
telescope 
Understanding 
NASA’s model for 
modern astronomy 


The Cat’s Eye 
Nebula 
Anamazing view 
ofa far away galaxy 


Super Earths 
The importance 
of discovering 
large planets 


The Coronet Cluster as 
observed by the 
Chandra X-ray 
Observatory 





1. Light shade 


Like a camera lens hood, 


designed to block out 
unwanted light sources 


5. Eyepiece 

The ‘optical out’ forthe 
chosen target's light 
source, designed to the 
scale of the human eye 


6. Focuser knobs 
Similar to an adjustable 
camera lens, good for 
making incremental 
adjustments to provide 
betterimage clarity 


Telescopes are a wide-ranging form of 


technology used by scientists, astronomers 
and civilians alike, to observe remote objects 
by the collection of electromagnetic radiation 


How do 
telesco 
see stars 






From their origins as simple hand-held instruments 
formed from a crude coupling of convex objective lens 
and concave eyepiece used to observe distant objects, 
to their utilisation in collecting and monitoring 
electromagnetic radiation emanating from distant space 
phenomena, telescopes are one of the human race’s most 
groundbreaking inventions. Indeed, now there are telescopes 
which can monitor, record and image almost all wavelengths of 
the electromagnetic spectrum, including those with no visible 
light and their usage is widening our understanding of the world 
around us and the far-flung reaches of space. Here, we take a look 
at some of the forms of telescope in use today, exploring how they 
work and what they are discovering. 
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3. Finderscope 
Asmaller telescope witha 
wider field of view, designed 
to allow quicker spotting of 
the chosen target 


4. Finderscope 
bracket 

The often detachable 
bracket holding the 
finderscope in place 














2. Telescope main body 
The main body of the telescope 
system where lightis reflected, 
refracted or both toa focus point 


X 


9. Latitude 
adjustment 
T-bolts 


Twin bolts used to 
stabilise latitude 


7. Counterweight 
Asimple counterweight to 
aid stability 


3. SALT 

The Southern African 
Large Telescope is a large 
optical telescope capable 
of recording stars a billion 
times too faint to see with 
the naked eye. 


2. LBT 


The Large Binocular 
Telescope in the 
mountains of southeast 
Arizona is the world’s 
largest optical telescope 
on a single mount. 


1. GTC 


Found in an observatory 
in the Canary Islands, 
the Gran Telescopio 
Canarias is the world's 
biggest single-aperture 
optical telescope. 





ne original patents yor the optical telescope were /siled | 


Messier 82 is about12 
million light-years 
away but the Hubble 
telescope still 
‘captured this 
amazing image 


Learn all about the 
types of optical 
telescope used by 
amateur and 
professional 
astronomers alike 


1 Reflecting 

One of the most common types of 
optical telescope, a reflector 
utilises one curved mirror and one 
flat mirror to directly reflect light 
throughout its main body and 
form an image. The reflecting 
telescope was created in the 17th 
Century as an alternative to the 
refracting telescope, which at the 
time suffered from severe 
chromatic aberration (a failure 
to focus all colours at the 
same point). 





NGC 281is visible in 
amateur telescopes 
from dark sky 
locations 
Refracting 
The first type of telescope to be 


invented in 1608 was a refractor. 
Utilising a partnership of a 
convex objective lens anda 
concave eyepiece lens to form 
its image, refractors are still 
used today. However, there are 
numerous technical 
considerations including lens 
sagging, chromatic aberration 
and spherical aberration that 
have demeaned their 
effectiveness in recent years. 


The 84’ telescope in 
Kitt Peak Observatory, 
Arizona 


The optical — 


The most advanced and stable of 


all optical telescopes are 
catadioptrics, which employ a 
mixture of mirrors and lenses to 


form an image, as well as a 
number of correctors to maintain 


since its creation in 1608, the optical telescope ——_sczuracy:the frst catatonic 


telescope was made by the 


has made the close viewing of far away things a _onttianserherd stmict who 


with his patented Schmidt 


piece of cake. But how do they Work? —__tetesconecorectethe optical 


errors of spherical aberration, 
The standard optical telescope works by reflecting or refracting large quantities of coma, and astigmatism. 
light from the visible part of the electromagnetic spectrum to a focus point 
observable through an eyepiece. In essence, the large objective lens or primary 
mirror of the telescope collects large quantities of light from whatever it is targeted 
at, then by focusing that light ona small eyepiece lens, the image formed is 
. . magnified across the user’s retina, making it appear closer and considerably 
8. Azimuth adjustment knob larger than it actually is. Therefore, the power ofany given telescope is directly 
A cranial mechanismiused to adjustthie relative to the diameter or aperture of the objective lens or primary mirror, with 
telescope to the direction of the celestial target . 
the larger the lens/mirror, the further and larger the image produced. 
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Telescopes 


“The largest filled-aperture telescope 
is the Arecibo radio telescope in Puerto 
Rico, which boasts a 305-metre dish” 








Radio 








telescope 





Characterised usually by their large dishes, 
radio telescopes allow us to receive signals 


from the depths of space 


The radio telescope works by receiving and 
then amplifying radio signals produced 
from the naturally occurring emissions of 
distant stars, galaxies and quasars. The 
two basic components ofa radio telescope 
are a large radio antenna and asensitive 
radiometer, which between them reflect, 
direct and amplify incoming radio signals 
typically between wavelengths of ten 
metres and one millimetre to produce 
comprehensible information at an optical 
wavelength. Due to the weak power of 
these cosmic radio signals, as wellas the 
range in wavelength that they operate in, 
radio telescopes need to be large in 
construction, as the efficiency of the 
antenna is crucial and can easily be 
distorted by terrestrial radio interference. 
The most common radio telescope seen 
is the radio reflector; this consists ofa 
parabolic antenna - the large visible dish - 


; 1. Radio wave 
Incoming radio waves 

are diverted toward 
thesecondary reflector 


3. Parabolic reflector 
Dishes need to be large as radio 
waves are weak and sporadic 







» 


6. Support structure 
Radio telescopes tend to be 
made from light materials 









and operates ina similar manner toa 
television satellite dish, focusing incoming 
radiation onto a receiver for decoding. In 
this type of radio telescope, often the radio 
receiver/solid-state amplifiers are 
cryogenically cooled to reduce noise and 
interference, as wellas having the 
parabolicsurface of the telescope 
equatorially mounted, with one axis 
parallel to the rotation axis of Earth. This 
equatorial mounting allows the telescope 
to followa fixed position in the sky as the 
Earth rotates, therefore allowing elongated 
periods of static, pinpoint observation. 

The largest filled-aperture telescope is 
the Arecibo radio telescope located in 
Puerto Rico, which boasts a 305-metre dish. 
Contrary to other radio telescopes with 
movable dishes however, the Arecibo’s 
dish is fixed, instead relying ona movable 
antenna beam to alter its focus. 


2. First focal 


y room 
a 4 An observation 


capsule located at the 
primary focus point 


4. Receiver 
Receivers need to be 
hyper-sensitive in order 
to capture signals 



































5. Secondary reflector 
Thesecondary reflector diverts 
radio waves down to the receiver J 





The Mount me 


radio telescopein 
australia 


Animage of 
Jupiter received 
througha radio 

telescope 


Asupernova remnant 
imaged from signals 
received bya radio telescope 

















Long story 


Before reflecting telescopes 
were developed in the 17th 


First radio telescope 


The first radio antenna used 
to identify an astronomical 


Do it yourself 


Buying and using even a low 
power telescope will reveal 


Famous Hubble 
One of the most famous 
telescopes is the Hubble Space 


Types of light 
Using different types of light 
can reveal new discoveries 


Telescope. Orbiting 600km about the universe. When Century as an alternative, radio source was one built by some amazing sights 

above the Earth, it can look scientists first used x-rays to some refracting telescopes Karl Guthe Jansky, an including the same 

deep into space as it’s above study the sky they discovered were as much as 600 engineer with Bell Telephone observations made by Galileo 
the atmosphere. black holes. feet long. Laboratories, in 1931. all those centuries ago. 





metre dish 
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Telescope classification 


Which telescopes are able to 
see what in the universe 




















Atmospheric opacity 

The measure of impenetrability to 
electromagnetic or other types of radiation. So 
ifthere is high-atmospheric opacity, radiation 


Infrared telescopes 
Because most of the infrared 
spectrum is absorbed by Earth’s 
atmospheric gasses, these types 


High-energy particle telescopes 
These need to be positioned in space as the 
gamma-rays, x-rays and ultraviolet light they 
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observe are blocked by Earth’s upper atmosphere. 
















of telescopes also need to be 
positioned in space. 













telescopes 


Advanced technology is pushing back the 
boundaries of high-energy astronomy 


The limits of radio and optical 
telescopes have led scientists in 
exciting new directions in order to 


from distant galaxies. 


capture and decode natural signals 


One of the most notable is 
the x-ray telescope, which 
differs in its construction 

thanks to the inability of 
mirrors to reflect x-ray 


radiation, a fundamental necessity in 
all reflection-based optical and radio 
telescopes. In order to capture x-ray 
radiation, instead of being directly 
reflected into a hyper-sensitive receiver 
for amplification and decoding, itis 
acutely reflected a number of times, 
changing the course of the ray 
incrementally each time. To do this the 
x-ray telescope must be built from 
several nested cylinders witha 
parabolic or hyperbolic profile, guiding 
incoming rays into the receiver. 

Crucially, however, all x-ray 
telescopes must be operated outside of 
the Earth’s atmosphere as it is opaque 
to x-rays, meaning they must be 
mounted to high-altitude rockets or 
artificial satellites. Good examples of 
orbiting x-ray telescopes can be seen 
on the Chandra X-ray Observatory and 
the Spitzer Space Telescope. 

Other high-energy particle 
telescopes include gamma-ray 
telescopes, which study the cosmos 
through the gamma-rays emitted by 
stellar processes, and neutrino 
telescopes, a form of astronomy still 
very much in its infancy. A neutrino 


is blocked, scattered or diffused, while ifit’s 
low, then radiation can pass through it. 














meray : 
Radio 
telescopes 
Optical telescopes Radiowavesare 
The telescopes are positioned on Earthand j Peon 
G can observe visible light. However, difficulties __ } ir oes le 
5 | canoccurwhentryingtocaptureweaksignals \ / i) al Ae en 
due to atmospheric distortion. ii) istortion. 
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C = 
The Spitzer 
Telescope 
being prepped 
before launch telescope works by detecting the 


electromagnetic radiation formed as 
incoming neutrinos create an electron 
or muon (unstable sub-atomic particle) 
when coming into contact with water. 

Because of this, neutrino telescopes 
tend to consist of submerged 
phototubes (a gas-filled tube especially 
sensitive to ultraviolet and 
electromagnetic light) in large 
underground chambers to reduce 
interference from cosmic rays. The 
phototubes act asa recording 
mechanism, storing any Cherenkov 
light (a type of electromagnetic 
radiation) emitted from the interaction 
of the neutrino with the electrons or 
nuclei of water. Then, using a mixture 
of timing and charge information from 
each of the phototubes, the interaction 
vertex, ring detection and type of 
neutrino can be detected. 


Cherenkov radiation 
glowing in the core of the 
Advanced Test Reactor 
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James Webb 
Space Telescope 


The successor to Hubble will change the 
way that we see the universe 


a re The James Webb Space 
a Telescope (JWST), originally 

au ee knownas the Next Generation 

er Space Telescope, employs 
engineering techniques never used ona 
space telescope before and will produce 
unparalleled views of the universe. The 
JWST is scheduled for launch in 2018 ina joint 
venture between the ESA, NASAand 
Arianespace, the world’s first company to 
offer commercial rocket launches. Primarily, 
the JWST will observe infrared light from 
distant objects. 

To gather light on the telescope the 
primary mirror on the JWST is made of 18 
hexagonal beryllium segments, which are 
much lighter than traditional glass and also 
very strong. To roughly point the telescope in 
the direction of its observations a star tracker 
is used, anda Fine Guidance Sensor (FGS) is 
employed to fine-tune the viewings. 





Primary mirror 

18 beryllium hexagonal 
segments collect the light 
from a distant object. 


Secondary mirror ___. * 


This mirror reflects light 

a iretM Ue eA Alero} 
can be moved to focus the 
ela taco tA 


Sunshield 


Miser Re ey 
court, this protects 
the telescope from 
ear eilM emcee pes} 
Vet E-Ten 
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The secondary mirror on the JWST, which 
reflects the light from the primary mirror 
into the instruments on board, can be moved 
to focus the telescope on an object. Each of 
the 18 hexagonal segments can also be 
individually adjusted and aligned to produce 
the perfect picture. While Hubble's primary 
mirror is just 2.4 metres in diameter, the 
mirror onJWST is almost three times as big 
at 6.5 metres in diameter, allowing for much 
more distant and accurate observations. 

Abox called the Integrated Science 
Instrument Module (ISIM) sits behind the 
primary mirror to collect the light incident 
on the telescope. The ISIM is attached toa 
backplane, which also holds the telescope’s 
mirrors and keeps them stable. A sunshield, 
composed of five layers of Kapton with 
aluminium and special silicon coatings to 
reflect sunlight, protects the incredibly 
sensitive instruments. 


| Affill-scale model of the 
| JWST has been travelling 
| the world since 2005 


The telescope willsit almosta 
million miles from us inline 
with the Earth and the Sun. 


Lagrange point 2 

Its position will ensure it does 
not receive unwanted light 
but enough for solar power. 





Stargazer 


The James Webb Space Telescope contains some 
revolutionary technology to provide unprecedented 
views of the universe, and also builds on the success of 
earlier telescopes. It operates at -223°C to prevent heat 
radiation affecting the instruments on board. 


Backplane 

This structure holds the 
18 mirror segments and 
has the telescope’s 

TS Ce Rend os C0L a 


ISIM 


BUM ices eles Bole (-lale} 
Instrument Module 
collects the light from the 
secondary mirror and 
produces an image. 


Viewfinder 


a A Roe lg 
tracker to point itself in 
the direction of a star 
for observation. 





Herschel 
space 


telescope 


We look at how the 
largest man-made 
space telescope works 


ree To date, the William Herschel 
7 telescope is the largest infrared 
wages Space telescope ever to be 
launched into orbit. However, 
once NASA’‘s James Webb space telescope 
(JWST) is launched in 2014 or 2015, Herschel 
will sit between Hubble and the JWST in size. 

Launched in 2009 from the ESA spaceport 
in French Guinea, the Herschel space 
telescope is positioned approximately 1.5 
million km (930,000 mi) from the Earth (in the 
direction away from the Sun). Knownasa 
cryostat, a giant thermos flask running on 
helium powers the telescope, which is 
expected to expire in 2012. 

Made almost entirely out of silicon carbide, 
Herschel has a3.5-metre (11.4ft) wide primary 
mirror made of12 segments to focus 
incoming light, each just 3mm thick. It 
observes objects within a wavelength of 60 to 
500 microns, a range that allows it to see 
actively star-forming galaxies. These emit 
most of their energy as infrared radiation, the 
band in which Herschel is observing. 


Telescope 

Infrared radiation from 
distant astronomical 
objects is collected by 
the primary mirror and 
focused onto the 
Petrone aA Ke em Wasik! 
a eT Na) 
on-board instruments. 


+ 


regulates the temperature 
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Superfluid helium powers the 
intricate cooling system that 


The statistics... 


ale eres seat) 


telescope 


Mass: 315kg 


Primary mirror: 3.5m (11.4ft) 


Data transfer rate: 130kbps 


Projected ifetime: 3.5 years 


©ESA 


Solar array: 12m? 


Alllmages 


Thrusters: 12, 20 Newtons each 


Power: 39 lithium-ion batteries 


; ne 
aw ag 


Herschel sends data 
back to Earth once a 
day in a three-hour 
time period. 
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The components that make up this 
mammoth piece of technology 


{yr Lemmas 11's 2 2) 


The sunshade protects the 
telescope from solar radiation, 
as well as supplying power 
eee me Ree 


Stats 

BUR eeB-)ey-[ecee ie 
Tis WM ane) a 
4.3m wide and weighed 
3,300kg at launch. 


Cryostat 

Filled with liquid 
helium, the cryostat 
keeps the temperature 
of the spacecraft at an 
operational level. 


A) rel rele lg 

To position itself in the correct direction, a 
star tracker works with a gyroscope and sun 
sensor to alter the spacecraft’s orientation, 
using hydrazine thrusters. 
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A re 


How this array will give us our best 
view of the universe from Earth 


High in the Chilean Andes on the 

Chajnantor plain, 5,000om 

(16,400ft) above sea level, an array ~] 
of radio telescopes knownas the l 
Atacama Large Millimeter Array (ALMA) is 

under construction, which will provide us 





with one of the clearest views of the universe t ht 


yet. Once completed there will be 66 ach 
antennas trained at the sky, working in in 
tandem with one another to observe the 
cosmos, the largest and most expensive 
ground-based telescope in history. 

The truly remarkable aspect of this $1.3bn 
telescope group —a partnership between 
scientific teams across the world -is thata 
giant vehicle known as the ALMA 
Transporter can individually move each 
12-metre wide antenna. This means the 
spread of the telescopes can range from just 
150m to more than 11 miles (18km), providing 
varying levels of resolution to observe 
different parts of the universe. Once 
completed in 2013, ALMA will be ten times 


more powerful than the Hubble Space <M 


Telescope. Normally, ground-based 
telescopes cannot compare to space 
telescopes, the latter of which do not have 
their view obstructed by the Earth's 
atmosphere. However, the huge scale of the 
ALMAarray, coupled with its height above 
sea level where the atmosphere is thinner, 
willallow ground-based telescopes to match 
their space-faring brothers. 
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ALMAwill be used to study 
stars and galaxies thatare 
billions ofyears old 





Parallax 


How to tell how far away a star is 


Hold your thumb up close to your face and observe it first through only 
your left eye, then only your right. Notice how, in relation to the 
background, your thumb appears to move. That's the process of 
parallax explained in its most basic form. 

The distance toa nearby star can be measured by tracking its 
movement relative to other stars further away. This can be done from 
Earth by pinpointing the location ofa star relative to others at two 
points in our orbit, and using trigonometry to calculate its distance 
away. Alternatively, a telescope in orbit around Earth could repeat the 
process with more accuracy, as it is unhindered by our atmosphere 
(which can be hard to see through). * 


3. Telescope 


Astronomers know the exact distance between 


Se the Earth telescope and the space-faring one. 


1. Star 

Two telescopes, one on Earth 

Ve and one inspace, point 
towards astarno more than 

7 500 lightyears away. 


Be Cle 2 yay Taegu liars 
With both telescopes, y 


The motion of the star 
astronomers can record the ROPERS ean 
poL=yeMeVA cle eNlOi{cyeulcyalqoyadetcl yi background allowsits 
starin relation to 


edie distance from Earth to 
background cosmic objects. ene cee 
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5. Trigonometry | 
Using fairly basic trigonometric equations, the 
distance to the star can now be measured. 





The Great Comet of 1997 
grabbed headlines when it lit 
up the night sky 


Often cited as the most observed comet ofall time, Hale-Bopp was 
visible in the night sky for18 months during its flyby of Earth in 
1997. It was the first comet to be discovered by asmall amateur 
telescope. Hale-Bopp is roughly 25 miles (40km) in diameter. It is 
mainly because ofits large size that it appears so bright. Its solid 
centre - the nucleus - isa frozen and dusty wasteland mostly 
composed ofice that reflects a large amount of sunlight. The 
nucleus is surrounded by a combination of gases and dust - known 
as the coma -suchasa metal-rich silicate mineral. 

The light coming out of the comet is a product of ice evaporating 
and disintegrating into a cloud of particles. Hale-Bopp provided an 
abundance of information on the physical and chemical nature of 
comets, including the presence ofa third tail made of sodium 
trailing the cometin addition to a dust and gas tail. 


Liquid mirror 
telescopes 





The six-metre 
diameter Large Zenith 
Telescope at the Uni of 

British Columbia, 
Canada is the world’s 
largest liquid 

mirror telescope 


How do these high-tech mirrors use the 
likes of mercury as their primary reflectors? 


Liquid mirror telescopes work ina similar 
manner to regular telescopes, apart from 
the use ofa liquid as the source of light 
collection. Most liquid mirrors use 
mercury to obtain accurate views of the 
night sky. This is poured into a rotating 
dish, several metres in diameter. 

As the dish rotates it forces the liquid 
into a parabola, raised at the edges. The 
force of gravity pulls the liquid down 
while the inertia from the rotation pulls 


the liquid sideways, giving a curved 
surface aboutimm thick. If the liquid is 
disturbed, the continued rotation of the 
mirror brings back its parabolic shape. As 
light is incident on the liquid mirror itis 
focused into a secondary non-liquid 
mirror, where the image is collected. 
Liquid mirror telescopes can only be 
pointed vertically upwards in the zenith 
position, so they are mainly used to 
observe the passing night sky. 


PaaS ET arto) oyeperetic(el 
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Gamma ray bursts / Arecibo Observatory 


Gamma ray bursts 


Gamma ray bursts are millions ly times brighter than the Sun 
Gamma ray bursts (GRBs) are short flashes their true origin remained a mystery until 1991. 





















of high-frequency electromagnetic That year, NASA launched the Compton Gamma 
radiation that last anywhere from a few Ray Observatory into orbit. Instruments on the 
seconds to an hour. These bursts oflightare millions observatory revealed the existence of two different 
of times brighter than the Sun and release as much durations of gamma ray bursts, with the shorter 
energy as the Sun will over its entire lifetime. ones lasting less than two seconds. It also showed 
Gamma ray bursts likely come from supernova that the gamma ray bursts originated outside of the 
events - when a star collapses into a black hole. The Milky Way galaxy. 
longer its duration, the further away the GRB Scientists have also learned that the bursts are 
originated. This means that some GRBs detected followed by afterglows of lower frequency radiation, 
now originated when the Earth had just been such as x-ray, infrared and radio waves. Measuring 
formed, about 4 billion years ago. the afterglows allow them to trace the GRBs back to 
Gamma ray bursts were first detected in the late their associated galaxies and supernovae. In 1997, 
Sixties. The bursts were picked up by American the Italian-Dutch satellite BeppoSAX detected x-ray Hee a ESE Weel) 
A . ; hypothesised that some gamma-tay 
satellites, which were equipped to detect gamma afterglows of gamma ray bursts. Ground telescopes Rt tee 
ray radiation from nuclear tests. Although scientists were able to pinpoint the location of the x-rays in which a Peer ten eoc ny 
concluded that the GRBs were cosmic phenomena, galaxies billions of light years away. Pe enaheerice ha etaa te 
Concrete towers Height adjustment a 
18 steel cables radiate from Three pairs of cables attached to concrete Uh ioe Pe a “ga 
eos ears reg mene tel giant os —— dish ; os ad 
a run mer rm. I 
° enables tied of oe a to a a ~ LAE <A a Mh SS 
adjusted to the nearest millimetre. Ly . (3) Na Mlle ak Yd th 


T Platform 
Based on a bridge-like design, it 
weighs 900 tons and is suspended 
138 metres above the dish. It carries 


Platform 





| and accurately positions the Gregorian . - 
] dome and radio antennas. receiver fi 
1. Gregorian dome 
This houses both the it " 
secondary and tertiary : 
\ 


reflectors. The signals 
from outer space reflect off 

the dish to the secondary 

dish inside the dome, and ! ; 
on to the tertiary dish. The 1 
signal is then fed to a i ; 
control room where it is } i 
amplified and processed by 

the scientists and experts. 









2. Carriage house 
Specially designed linear 
antennas point down from 

here. They are individually 

tuned to many different es 
narrow frequencies. 













3. Azimuth arm 
The dome and carriage 
house can run along this 
93-metre long curved 

arm, up to 20 degrees 
from the vertical. It is 
attached to a circular track, 
enabling the arm to be 
rotated 360 degrees. The 
mechanism works to a 
tolerance of a millimetre. 






















The world’s largest single — Beast 
es : ‘eflecting dish 
dish radio telescope 7 he \ - The spherical reflector has a diameter 


, ; . : of 305 metres, a curvature of 265 
+ | on ol radio Se is located Maa equator metres and reaches a depth of 57 
in Puerto Rico, where it officially opened in 1963. The metres. Radio emissions are reflected 
+ [4  dishlistens-in to naturally occurring radio emissions from the dish to the Gregorian dome 
: and the carriage house antennas, 
which are suspended over it. 


















from distant galaxies, andit can study nearby planets 
and comets by bouncing signals off them. #% 
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PICTURING “ ~ 
THE SUN ‘35 


1. SOHO 

Launched in 1995, SOHO is 
a Europe-led mission 
designed to study the Sun. 
Compared to both following 
missions, the visual fidelity 


2. STEREO 

NASA's next step was to 
take the study of the Sun 
into the third dimension. 
Utilising two spacecraft its 
mission was to study the 
nature of CMEs. 


3. SDO 


The SDO's visual capabilities 
dwarf both previous 
missions. Just three seconds 
of HD video revealed more 
detail about solar flares than 
many scientists ever knew. 


DID)YOU;/KNOW 2. 


of its findings were limited. 


NASA’s Solar Dynamics 
Observatory 


If you think 1080p HD video is 
impressive, your tech-buds are 
in fora treat with the SDO... 


The Solar Dynamics Observatory (SDO) is the 

crowning mission ofa new NASAscientific 

endeavour designed to study our Sun. As the 

cornerstone of the Living With a Star program, the 
SDO is quite simply the most advanced spacecraft ever devised 
to help unlock the secrets of our Sun. Using the very latest 
technology the SDO can gather high quality data, process it 
with more advanced instruments and beam it back to Earth 
faster than any other scientific experiment undertaken by man. 

And animportant mission it is too, since being able to 

understand and predict the processes of our Sun is becoming 
ever more important in this digital age. Launched in February 
2010, the SDO will hopefully furnish us with the capability to 
better protect ourselves from ‘space weather’ side effects like 
power grid failures, long-haul flight radiation, not to mention 
satellite, telecommunications and GPS disruptions. 


Atmospheric 
feed) 
Assembly (AIA) 


The AIA images multiple 
wavelengths of the Sun’s 
outer layer of atmosphere 
known as the corona all at 
Per MLL e (2) 
up of four telescopes 
capable of IMAX-like 
resolutions, each one 
capable of resolving detail 
of just 450 miles across. 


Shielding 
Ironically, the SDO is 
subject to the very 
same harsh conditions 
it’s hoped it will one day 
help us protect against. 
PCE phim (ra go) 
additional shielding 

to mitigate the 
Here meCae) 
radiation exposure. 


Solar array 


High gain antennas 
Since the SDO is ina 
geosynchronous orbit it has a 
eee R Lc U Meets | 
centre at the Goddard Space 
Flight Center. It achieves data 
transfer speeds of an incredible 
130 megabits per second 
(Mbps), without which the huge 
image and video files it records 
would be impossible to share. ——————> 


The SDO’s solar array is a very 
important component since it 
produces all the power the 
observatory needs to work. The 
panels themselves cover an area 
of over six metres square and 
produces 1,450W of electricity. 


Extreme Ultraviolet Variability 
Experiment (EVE) 

EVE is designed to study the Sun’s brightness in 
the most variable part of the solar spectrum - 
the extreme ultraviolet. It achieves this by 
utilising the highest spectral resolution ever 
achieved by a space observatory. 


TheSDO mission 
hopes to enable us to 
understand our Sun better 


Helioseismic and Magnetic 
Imager (HM 

The HMI uses acoustic waves and changes in the 
Tire tm alee mae gre Rel MMPI Reel 
the material and motions that occur under the 
surface. It does this by measuring the Doppler 
shift (a change of wavelength depending on 
whether something is moving towards or away 
from you) to calculate velocities of movement. 


Road to 
discovery 


The SDO is designed 
arounda five-year 
mission, though has 
enough resources to 
ensure a ten year life 
span. In that time 
scientists hope to gain in- 
depth information about 
how and why changes in 
the Sun produce its 11- 
year solar cycle brought 
on by changes in its 
magnetic field. As a major 
component ofthe 
Heliophysics System 
Observatory (essentially a 
whole fleet of solar, 
heliosphericand 
geospace spacecraft 
working together) it’ll also 
help unlock the secrets of 
the complex processes at 
work in space in general. 


NASA has always led 
technological revolutions 
and super HD is unlikely to 
beany kind of exception. 
Even compared to full HD's 
1920x1080 resolution, the 
scale of SDO’s 4096x4096 
resolution images and video 
Vee unvOhmnaeveNCc etic 


ya 
Learn more 


There's plenty still to learn about 
this remarkable mission. The best 
place for the most authoritative 
look at the SDO is NASA's main 
site http://www.nasa.gov/sdo. 
NASA's own TV channel NASA 
TV, found at www.nasa.gov/ntv, 
is also a very interesting resource. 
There's plenty to see, including 
live feeds from this and other 
missions currently in progress. 
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Pays Some objects in space are viewable with 

the naked eye. Other anomalies such as 
J quasars (the most powerful source of 
energy in the universe -a kind of star galaxy) 
and pulsars (spherical neutron stars) require the 
use of a radio telescope. These telescopes receive 
and amplify frequencies from deep space using 
antennas, and measures their intensity. 
“By studying the intensity of radio 

frequencies, astronomers can monitor the 
conditions of space,” says Dr Seth Shostak, a 


waves are not hindered by gas and dust between 
stars, so you can ‘look’ straight througha galaxy 

to the other side. Quasars were found because of 

radio telescopes.” 

According to Dr Shostak, a radio telescope uses 
avery low-noise amplifier that collects radio 
waves, themselves collected using massive 
antennas. The signal passes through the 
antenna, spreads through a filtering system, and 
breaks into thousands of frequency channels-a 
bit like a Doppler satellite that measures the 


senior astronomer at the SETI Institute. “Radio 


speed of frequencies. 





2. Antenna 
An antenna filters 
waves from the tip 






ee 


1. Incoming 
Anantenna collects 
incoming radio waves 


3. Receiver 
The receiver amplifies and 
detects radio wave data 





Adaptive optics recreate an image 


Reassembling a twinkling star 


+ /# Adaptive optics isa fascinating field - this 
"i technology is used in telescopes and can 
* reconstruct an image so that it matches 
how the object looks in space, without the 
distortions from the Earth's atmosphere. It’s the 
same technology now being used by optometrists to 
determine which glasses you might need to wear. 
Whenastronomers study a star, the lightis 
emitted ina spherical shape called a wavefront. As 
the wavefront passes through the atmosphere, the 
spheres are distorted in the same way that a distant 
car is distorted by the heat ona paved road. Some 
parts of the star are tilted - like the slanted image 
you might see ona wall when the Sun shines 
through a window. Other parts are out of focus. 
The distorted image is called the input phase, or 
wavefront phase. Initially, a tilt mirror captures the 
wavefront, which measures the complex tilt of the 


+ 


image. Next, a deformable mirror is used to adjust 
id oem beeteto(cmM Mob tpennaceyas(otp tN CccReeCoBten-Bar-vOne)E 
mirrors, except the mirror can be moveda few 
microns to flatten the image. The image passes 
through the deformable mirror multiple times, and 
each time a phase reconstructor -—a series of 
complex algorithms -smooths the image. 

Ina last step, the adjusted image enters the 
output phase, which shows the adjusted image 
without the distortions of tilt and focus. “Adaptive 
optics cancel out the effects of the atmosphere as 
well as the imperfections of the telescope,” says 
Stuart Shacklan, a group supervisor of the high 
contrast imaging group in the optics section at Jet 
Propulsion Laboratory, a research arm of NASA. 

Adaptive optics are used in most astronomical 
telescopes such as the Palomar Observatory in 
California and the Keck Observatory in Hawaii. # 
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In the output phase, 
ueReelerse cle} 
wavefront is shown 
without distortion. 





The wavefront from a star looks distorted 
as it passes through the atmosphere. 


OMe felt) Mees 
is moved a few 
microns to adjust for 
tilt and focus. 


A phase reconstructor 
uses algorithms to 
Ligue arenes) 
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1. The Story of 
Stellar Birt 

This image shows young 
stars ina cosmic cloud in 
the Cepheus constellation, 
about 21,000 light years 
away from Earth. 


2. Towering 
Infernos 

Stars are born in these 
‘mountains’ of gas and 
dust, which are found in the 
Cassiopeia constellation 
7,000 light years away. 


3. Mysterious 
Blob Galaxies 
Revealed 

This red hydrogen blob is 11 
billion light years away and 
contains three galaxies trillions 
of times brighter than our Sun. 


Spitzer Space 
Telescope 


The last of NASAs four great 
observatories, the Spitzer Space 
Telescope was launched in 2003 a 





Astronomers use Spitzer's orbit 
and parallaxing to determine 
the distance of dark planets 
and black holes 














1. Solar panels 
The Spitzer’s two solar 
panels convert solar 
radiation into 427 watts 
of electrical energy, 
which powers 

the telescope. 


3. Cryogenic telescope 2. Solar shield 
assembly The solar shield is 
Inside the assembly are the telescope angled away from the 
and three main instruments. It also rest of the craft and 


contains a tank of liquid helium. reflects sunlight to 
minimise heat 


transfer. 





Py. B Objects in space 
= m@ ‘adiate heatin the 
aor form ofinfrared 
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energy, but ground- 
based telescopes cannot detect it 
due to the Earth’s atmosphere. 
Because the Spitzer Space 
Telescope orbits around the Sun, 
itcan record this energy in the 
form ofimages. The telescope 
uses three highly sensitive 
instruments -a camera, a 
spectrograph anda photometer - 
that operate on different 
wavelengths and detect pixels to 
form pictures. 

Infrared telescopes have to be 
kept very cold (-268°C) in order to 
function properly. The Spitzer 


was launched witha liquid 7. Star trackers 
helium supply to keep its and gyroscopes 
instruments coldforaminimum __ The star trackers and 
gyroscopes are 6. Antennae 


of 2.5 years. Itis far enough away 
from the Earthso that it does not 
pick up infrared energy from our 
planet, and was fitted with a solar 
shield to protect it from the Sun’s 
heat. The liquid helium supply 
was used up 0n 15 May 2009, but 
the camera can still detect some 
infrared wavelengths. 


mounted on the bus 
and allow the Spitzer 
to orientate itself 
properly in space. 


4. Outer shell 

The aluminium outer shell is 
black on one side to radiate 
heat and shiny on the other 
side to reflect the Sun’s heat. 


The high gain antenna is the 
main communication antenna 
with Earth, with the low gain 
as a backup. 


5. Spacecraft bus 
The bus contains avionics and 
other instruments that control 
the telescope, store data and 
communicate with NASA. 
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The SOFIA telescope 


telescope 


The Stratospheric Observatory for 

Infrared Astronomy (SOFIA) project 

consists ofa Boeing 747SP aircraft 

modified to carrya telescope. Its 
infrared 2.5 metre reflecting telescope detects 
energy emitted by astronomical objects that are 
invisible to the human eye. 

Pan American World Airways originally 
operated the Boeing ‘jumbo jet’ 747SP used in the 
project. The SP (special performance) designation 
means that it has ashorter body and can travel 
further than the original 747 aircraft. NASA bought 
itin1997.Asection of another 747SP was used to 
mock-up the telescope design and structure, before 
itwas fitted to the SOFIA aircraft. The modified 
aircraft began test flying in 2007, andin December 
2009 its telescope system began flight tests. It now 
operates from NASA‘s Dryden Aircraft Operations 
Facility (DAOF) in Palmdale, California and is 
preparing for its first scientific missions. 
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Flying eye in the sky probes 
the secrets of the universe 


Travelling ata height of12km ata speed of 
50omph, the aircraft is subject to considerable 
shaking and turbulence. To counter these effects 
the telescope is mounted ona spherical 
pressurised oil bearing, andis stabilised by three 
gyroscopes that cope with sudden movements. A 
deflector fence on the rim of the telescope, and the 
specially shaped side of the aircraft, help deflect 
wind away from the telescope aperture. In 
addition, a distant star is tracked and usedasa 
reference point to keep the telescope pointingin 
thesame direction. 

The advantage of SOFIA is that it can fly inthe 
stratosphere, which is typically nine to 12km above 
the Earth. At this altitude it can detect cosmic 
infrared radiation that isnormally absorbed by 
water vapour in the lower atmosphere. This makes 
it far more effective than ground-based infrared 
observatories, and puts it in the same league as 
satellite-based telescopes. 


ection” 
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NASA’s SOFIA observatory (front) with its predecessor 
Ta oCcB aCe) Wie KLE Cro MCU} Ll @at bare lee-10)es\1aUc 1K) ay 
(behind) at NASA’s Ames Research Center 


Full capability for the 
observatory is expected by 2014. 


"A distant star is tracked and used as a 
reference point to see the telescope 
pointing in the same dir 
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} 1. Convair 990 § 

In 1966, Dr Gerard Kuiper H at 
used a NASA-funded [== 
Convair 990 jet aircraft ve 
with a30.5cm telescope to ~ 
make spectroscopic studies | 
of the Sun and solar system. 


2. KAO 3. SOFIA 

Inspired by Dr Kuiper, NASA SOFIA’s 17-ton airborne 
converted a Lockheed C-141A telescope is the largest ever 
military transport aircraft to fitted inside an aircraft. It is 
carry a 91.5cm infrared regarded as medium-sized 
telescope. It operated from compared to similar 

1975 to 1995, ground-based telescopes. 








Forward bulkhead ~~) Secondary mirror 
Isolates telescope from the i Sends light from primary. 
rest of the aircraft fuselage. a mirror to tertiary mirror. 

f ~~ 


Nasmyth tube 


—{ Carries light from the 
tertiary mirror to the 
focal point. 


J 
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~& Z S > 
en a 
<a et WW z ea The telescope mirror ismade — ») if = an 


zi < ci . from a glass ceramicmaterial an 
Focal point. a . _atd Primary mirror eo eerAacae nL a . in 
This is where the scientific ertiary mirror || Parabolic reflector lightweight honeycomb *» Fs 


. . . . dl i. - i} y 7 
instruments inside the aircraft Sends light into the | | telescope mirror, Reatleaniaecaecl eles (ice is on a 


collect and record data. J Nasmyth tube. a ~,, Weighs 880kg. receives its reflective coatin; 


The Hubble and SOFIA 
telescope projects have several 
similarities, along with some 
stark differences. They are 
both long-term projects that 
are intended to have a life ofat 


y, 7 i 2. Secondary mirror 
SO FIA S optica The light reflected from the primary 
mirror is reflected up to the 0.4- 
system metre secondary mirror. 











4. Focal point 3. Tertia 

The tertiary mirror reflects mirror a least 15 to 20 years. 

the light along a tube Positioned a metre In the case of the Hubble 
inside the fuselage of the above the primary telescope, it operates 600km 
aircraft. At the focal point, mirror, the tertiary above the Earth and is 

the light is recorded and mirror receives the equipped to record optical and ultraviolet light. SOFIA, flying at 
analysed by instruments reflected light from naltitude of12km, concentrat ndetectinginfraredlishtand 
inside the aircraft. the secondary mirror. Bre UGS OLAsT COncen ales onidetecung) argonen an 


is able to study planetary details and the formation of galaxies. 
The beauty of SOFIA is that new instruments and set-ups can 

be easily fitted and tested, whereas Hubble can only be accessed 

every two or three years. More importantly, SOFIA costs a tenth 


1. Primary mirror ofthe Hubble telescope project. 
Light travels inside the 
telescope to the concave 


primary mirror. 


Visible lightimag 





SOFIA made its first 
observations on 26 
May 2010. The eight 
1aXeyeb asi tte4 ave 
recorded this 
composite infrared 
picture ofJupiter, 
which can be 
compared toa 
visible image of 
idetcpo)tcvetcis 


Besides Jupiter, SOFIA has also 
recorded infrared images of the M82 
galaxy. Itshows the formation of 
stars normally hidden by visible 


Visible light image wavelength images. 





Visible light image SOFIA infrared image SOFIA infrared image 
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Lyman Spitzer Jr was one of the 
2oth Century’s leading scientists. 
He was also the first person to 
consider the idea of putting a giant 
telescope in space and not only lived to see the 
launch of the Hubble Space Telescope (HST) in 
1990, but witness seven years ofits incredible 
contribution to modern science. 

Buy why space? Compared to many of the 
world’s most powerful Earth-bound telescopes 
the Hubble Space Telescope’s optics are 
actually quite small. Bar obvious payload 
limitations, in space the required optics ofa 
telescope are smaller since the ‘seeing’ is 
always perfect. Looking through Earth's 
atmosphere is not unlike trying to watch 
television through a desert mirage - the seeing 
is hindered bya constant shimmer produced 
by the atmosphere. In space the Hubble Space 
Telescope’s resolution is so great that it’s 
the equivalent of us being able to distinguish 
acar’s two separate headlights from 6,000 
miles away. 

Hubble didn’t have the smoothest of starts 
however, and for the first three years ofits life 
was partially sighted due to an errorin the 
manufacture of its 2.4-metre primary mirror. 
Thankfully, upon its first servicing mission in 
1993 its optics were corrected. 

It’s most recent scheduled servicing mission 
took place in May 2009, allowing Hubble to 
remain operational until about 2018 when it’s 
successor - the James Webb Space Telescope - 
is due to launch. 





Hubble’s control 


yet 


The Hubble telesco 


After a false start and 19 years of faithful service it’s 
a wonder the Hubble space telescope works at all... 













Communication antennae 
Astronomers and technicians use these 
antennae to send Hubble orders. Data is 
bounced off tracking and data relay 
satellites, then to ground stations and 
then to the Goddard Space Flight Centre 
before reaching its destination. 


Instrument housing 

The rear of Hubble is where the real magic happens. 
Fine guidance sensors, cameras and spectrograph 
work together to give us the remarkable view of the 
universe some of us take for granted today. 


Primary mirror 
The main light-collecting 
mirror is positioned at { 
the rear of the assembly, ~ 
just in front of its main 
systems and scientific 
instruments. The original 
flaw in the design of this \ 
mirror was just two 

microns off - a fiftieth of 


Secondary mirror 
Light is bounced off the 
primary mirror onto this 
smaller, secondary mirror 
before it passes through a 


a human hair. small hole in the centre of the 
larger mirror on its way 
towards Hubble’s various 
scientific instruments. 
Solar panels 


Hubble requires some 2,800 watts of electricity 
to remain operational. It uses its large solar cells 
to produce all of its power and surplus energy is 
stored in on-board batteries so it can operate 
from inside the Earth’s shadow (around a third of 
its complete orbit time). 





Hubble telescope 
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Hubble's Pointing 
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To accurately point this bus-sized piece of technology properly requires 
gyroscopes. They sense its motion and help it to find its target by acting asa 
reference point. Next come the reaction wheels which steer it towards its next 
target. Finally come the fine guidance sensors of which there are three. They 
pinpoint the aim by using star trackers to lock onto bright guide stars. 











The Hubble telescope was designed to be 
serviced by astronauts, here's its service history 





LS Formation Life and size Red giant The Sun Not so planetary 


Small-to-medium sized stars, These nebulae survive for The dying stars that eject It is estimated that in 5 billion William Herschel incorrectly 

such as our Sun, form these 25,000 to 100,000 years, a planetary nebulae - red giants years our Sun will also described these nebulae as 
= A C TS stunning nebulae at the end short life by astronomical - are not massive enough to become a planetary nebulae, planetary in 1764 when he 

of their stellar lifetime when standards, and expand at become supernovae as they following a rapid expansion mistook the star at the centre 
PLAN tomy y x 4 they have exhausted their approximately 16 kilometres have previously shed some of which will eventually for a planet, later realising his 


nuclear fuel. per second. their mass. consume the Earth, error but keeping the name. 
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The Cat’s Eye 


A dying star’s last breath has produced 
unprecedented insight into nebula formation 


Bi Throwing off glowing gas in concentric shells, the Cat’s Eye Nebulais one of the 
. 
| ar 









most complex and interesting known planetary phase nebulae andis located 

about three thousand light years from Earth in the Draco constellation. This 
image, captured by the Hubble Space Telescope in 2004, has led scient 
believe the complicated and intricate structures on display may be the cause ofa 
system in the centre of the nebula because of the unique shell 
Inastronomical terms the nebula is very young at onk 
forming after asudden change in mass of the ce 
change in massis still unknown, but the light 
have been produced in bursts in the latters 
formed. Observations over the past 20 yea 

















- The bright central star is surrounded bya 
multi-million-degree gas cloud 
* 
a = = : 
a , 
a 
a * ae hh 
This processed image ‘ . ~ 7 » 


reveals the concentric rings 
surrounding the inner core 
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Super Earths 





In 1992, radio astronomers Dale Frail and 

Aleksander Wolszczan announced that 

they had discovered two (later confirmed 

to be three) planets orbiting the pulsar 
PSR B1257+12, located approximately 900 light years 
from the Sun. These planets were the first to be 
discovered outside of our solar system. They were 
also the first to be discovered orbiting a pulsar 
instead ofa regular, or main-sequence star, 
something astronomers hadn't previously known 
was even possible. These planets were later 
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Understanding whatthe discovery of 
large Earth-like planets outside our 
solar system may mean ‘ 












classified as Super Earths - extrasolar planets with 
masses somewhere between those of Earth’s and 
those of gas giant planets such as Jupiter. 
Astronomers differ on exactly what makes one of 
these exoplanets a Super Earth, because it’s a 
concept that is so new thatit’s still evolving. There’s 
not yet a formal definition. For some, the 
classification is purely based on the planet's mass 
and has nothing to do with its atmosphere, surface 
or other characteristics. That might make the term 
“Super Earth” seem a bit misleading, because not all 
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ofthese planets are very Earth-like - some of them 
are gaseous planets that are too small to be 
classified as gas giants. 

Most astronomers do agree that Super Earths 
havea mass up to ten times greater than that of 
Earth’s, but whether that includes planets with 
masses less than five times greater than that of 
Earth’s depends on who you choose to ask. To 
further compound the issue, astronomers are 
generally only able to estimate a minimum mass for 
the planet. The lower the exoplanet’s mass, 
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however, the more likely itis to 
be terrestrial and therefore 
potentially habitable. Because of 
this, some astronomers believe 
that the term “Super Earth” 
should only actually be used for 
planets that are terrestrial. 

In order for a Super Earth to be 
habitable, it has to meet lots of 
criteria. One important factor is 
whether the planet is inasystem 
that has what astronomers call 
the habitable zone. This is an 
area where an Earth-like planet 
can have liquid water on the 
surface. If the planet is too far 
from the star, any water on its 
surface will freeze. Ifit’s too 
close, the water will simply boil 
away. Some Super Earths that 
have been discovered are 
thought to be icy, while others 
are more rocky and Earth-like. 
However, even icy Super Earths 
could support life via 
colonisation if the atmosphere 
were otherwise suitable. 

In some cases, Super Earth 
means more than just a greater 
mass than Earth; it means 
greater surface temperatures 
than Earth’s, for example. This 
could mean that a Super Earth 
would be able to harbour life for 
longer than Earth. One model 
shows that life could survive ona 









1. Gliese 876d 
This Super Earth has a 
mass of about 7.5 times 
that of Earth. Discovered 
in 2005, it is probably a 
terrestrial planet and lies 
15 light years away. 





Super Earth for about3 billion 
years longer than life is 
estimated to survive on Earth. 
Characteristics such as 
volcanism keep the atmosphere 
full of carbon dioxide, helping to 
continue the essential process 
of photosynthesis. 

One Super Earth with the 
potential for life is Gliese 876d. It 
is also the first Super Earth 
discovered to be orbiting around 
amain sequence star. 
Discovered in 2005 and about 15 
light years away, itis estimated 
to havea minimum mass of 7.5 
times that of Earth’s mass. 
Further studies have shown that 
Gliese 876d isin its star’s 
habitable zone and could have 
large oceans on its surface. 
Although it likely only gets about 
30 per cent of the sunlight that 
the Earth does, astronomers 
believe that it could have 
atmospheric gases in enough 
abundance to producea 
significant greenhouse effect. 
This would result in surface 
temperatures high enough to 
support life. In comparison, 
without its greenhouse gases, 
Earth’s temperature would be 
around -19°C. 

Most Super Earths -and there 
have been over 600 discovered 


















2. HD 40307d 
Discovered back in 2008 
using the HARPS 
apparatus, this possible 
gas exoplanet is estimated 
to have a mass 9.4 times 
that of Earth’s. 


3. HD 69830 b 


This exoplanet, discovered 
in 2006 in the Puppis 
constellation, is likely to be 
rocky. Its mass is at the 
upper limit at ten times 
that of Earth’s. 


PSR Bi257+12b 


GJ1214b 


GJji214b is a unique Super 
Earth because it is relatively 
close to Earth - about 40 light 
years away. It was discovered 
bya project funded by the 
United States National 
Science Foundation called 
MEarth, which uses ground- 
based telescopes described 
as being very similar to those 
of amateur astronomers. The 
finding was confirmed by the 
HARPS spectrograph. GJ1214b 
is located in the Ophiuchus 
constellation and probably 
hasa watery surface. Its 
extremely high surface 
temperature, estimated at 
about 2,700°C, makes it too 
hot to support life. 





One of three 


The first Super Earth was one of three discovered about the 
same time, found to be orbiting the pulsar PSR B1257+12. Using 
the Aricebo radio telescope in Puerto Rico, astronomers Dale 
Frail and Aleksander Wolszczan noticed that the pulsar had 
irregularities in its pulses. Further investigation showed that 
planets were the cause. B1257+12b and its companion Super 
Earths are believed to be terrestrial planets that possibly 
formed after asupernova. They could also be the rocky cores 
of gas giants that had their atmospheres stripped away due to 
close proximity to the pulsar. 


OGLE-2005-BLG-390Lb 


OGLE-2005 
BLG-390Lb 


This Super Earth discovery was announced jointly on 265 
January 2006 by the Probing Lensing Anomalies - 
NETwork/Robotic Telescope Network, the Optical 
Gravitational Lensing Experiment and the Microlensing 
Observations in Astrophysics. It is about 21,00olight 
years away from Earth and about five times Earth's mass 
witha potentially rocky core. The Super Earth is fairly 
distant from its parent star, and that star is likely a cool 
red dwarf witha relatively low temperature. Because of 
this, astronomers do not believe that OGLE-2005-BLG- 
390Lb is likely to be able to support life. 
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“Icy Super Earths could ~ 
support life via colonisation" 








COROT-7b 


as of September 2011 - have been found 
through the use ofa high-precision 
spectrograph, which measures light 
properties in part of the electromagnetic 
spectrum. One of these spectrographs 
is the High Accuracy Radial Velocity 
Planet Searcher (HARPS). This 
instrumentis attached to a3.6-metre 
telescope at the La Silla Observatory 
in Chile operated by the European 
Southern Observatory. HARPS detects 
planets by the radial velocity method, 
also knownas the Doppler or “wobbly” 
method. This involves finding changes 
in the velocity ofstars as they react to 
the gravity of planets located around 
them. Itis so precise that it can detect 
velocity changes as slow as 3.5 km 
per hour. 

The radial velocity method has beena 
























very productive way to detect Super . 

Earths, and it gives astronomers an idea % 
about its minimum mass as well as its Foundih.2009 by,the COROT satellite, COROT-7b is 
orbit. When used in conjunction with » believedto be age Evie Teh heme oan tty 
other methods, astronomers can infer pT Va Dalcacerettdetla lanl ia ettes -~ 
more about these exopla nets. The temperature of 1,800-2,600°Celsius and may have lava 
transit method, which measures the Hoek cog tetra clamav utaerl enabled era 
reduction oflightina star as its planets may also have volcanicactivity. Due to we 9 

pass by it, can tell us about a Super "properties, some have dubbed ita Super-lo - more like 


Earth’s possible temperature, amagnified version of Jupiter’s moon than the Earth. 
atmosphere, composition and surface 


gravity. Gas planets and rocky planets 
look differently when they pass in front 
oftheir parent star. Whena rocky planet 
transits, its star dims quickly due to its 
thin atmosphere. A gradual dimming 
occurs when a gas planet passes, as the 
light is filtered through the many 
atmospheric layers. Analysing the light 
can also tell astronomers more about 
the composition of the atmosphere as 
wellas its surface. 

Studying Super Earths can tell us 
more about what's happening outside of 
our solar system. We can also learn 
more about the relationships between 
planets and stars, and learn more about 
how planets form and evolve. What 
makes many people excited, however, is 
the potential for existing life on these 
planets or the potential for our 
colonisation. A planet with a mass 
greater than Earth's, however, is going 


Although it’s massive fora 
Super Earth, HD 69830 bis 
actually the least-massive 
planet inits system. Some 
have called ita Neptune- 
mass planet rather thana 
Super Earth, but itis believed 
to havea rocky core similar to 
that of Earth’s. Some 
astronomers predict that if 
HD 69830 bisa rocky planet, 
tidal heating would result in 
massive temperature 
fluctuations on its surface. 








Gliese 581 
This starisa third the size of 
our Sun and 50 times colder. 


Orbital period 


ht Super Earth’s orbital period is determined 

a : by measuring the amount of time it takes for 

to be quite different from Earth. This the planet to transit. Both the orbital period 

doesn’t mean thata Super Earth will be and the Super Earth's distance fromits 

bigger than Earth in terms of diameter. parent star make a big difference in whether Gliese 581c 
In fact, it’s more likely to be smaller. itis Ca a Miociacoatia weit: - AnEarth-like planet which 
Super Earths are also more likely to takes only 13 days to orbit 
have higher temperatures, a denser thestar. 
atmosphere, a greater gravitational pull, 
and more active plate tectonics. 
However, these factors don’t 
automatically rule out a Super Earth as 
potentially habitable. There’s still a lot 
to learn about the Super Earths that 
we've already discovered, and more are 
being discovered all the time. 





located.very far from its parentstar may not 
be warm enough, while Pevaeste periods that 
vary greatly from Earth’s would impact 
processes such as photosynthesis. ss 
There are still many other factors that 


play into whether we could live on a Super 

Earth, teal and in most cases itis E 

difficult to know much abouta Super Earth’s « 
- orbital properties. 
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Prove it Massive planets Goldilocks Zone Odds in our favour Planet killers 


Astronomers have believed in After Earth, the next most- Extrasolar planets that are Terrestrial Super Earths are Some astronomers believe 
the existence of Super Earths massive planet in our own thought to be very Earth-like being discovered in greater that Uranus and Neptune may 
since the early 19th Century, solar system is the gas and “just right” for habitation and greater numbers, raising have “swallowed” embryonic 
but had no way to prove it until giant Uranus, with a mass are sometimes called the likelihood that we will Super Earths in our own solar 
more powerful instrumentation more than 14 times that Goldilocks planets, after the eventually find a habitable system approximately 4 billion 
was invented. of Earth's. children’s story. Super Earth. years ago. 


HD 156668b 


The most recent Super Earth 

discovered is also the next-to- 

smallest Super Earth to be 

uncovered so far. Ateam of astronomers knownas the 
California Planet Research Team announced that they had 
found the exoplanetvia the radial velocity method in January 
2010. The team observed HD 156668b at the Keck Observatory in 
Hawaii through the ten-metre Keck Telescope, which contains 
a high-resolution spectrograph. The Super Earth is located in 
the Hercules constellation, which is also home to a number of 
other exoplanets. 





anatomy 


Using mass, radius and temperature Watery planet 





©NASA “« 


























; f Z The watery planetis larger 

to discover if a Super Earth is than therocky planet due to 
water’s lower density. It is 

rocky or watery essentially a rocky planet 
surrounded bya frozen layer 


Super Earths believed to be terrestrial 
could be either watery planets or rocky 
planets. With limited information 
available, astronomers create 
potential models of a Super 
Earth’s composition using its 
; us) estimated mass, radius and 
BRS op temperature. They are 
often unable to tellifa 
Super Earth is watery or 
rocky because very 
precise measurements 
ofthe mass and radius 
are necessary. 


and topped with an ocean 
instead ofacrust. 





Ts 










Gliese 581b Gliese 581d 







15 times larger than Too cold for life, itis eight 
Earth, its quick orbit times larger than earth and 
of5.4 days meansit’s orbits in 84 days. 





too hot to sustain life. 


3 Solid water 


Silicate 
Liquid mantle 
water 
ocean lron core 
Crust Rocky planet 





8 Rocky planets have very Earth-like structures, with an iron 
Silicate core, a silicate mantle and a crust. These are what we 
mantle lron core normally think of when we think ofa Super Earth. 
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